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This revolutionary plow now makes contour plowing practical and is ideal for terrace 
building. The front bottom cuts neither too narrow nor too wide. Scientifically-located 
pivot point keeps all bottoms of Case Breakaway-Contour Plows cutting true-width fur- 
rows on contour curves. Takes but a minute to hook up to Eagle Hitch of Case Tractor, 


right from the seat and depth can be adjusted from seat. Constant Hydraulic Control 


as on straightaway. 


Breaks away, too! Stumps and stones that would 
damage fixed plows simply cause the Case Mounted 
Breakaway-Contour Plow to uncouple from its fore- 
frame. Driver recouples in a jiffy just by backing 
tractor. He lifts plow over obstruction with Constant 
Hydraulic Control and goes on plowing—little time 
lost! 


Case Pivotal Action Plows are conservation plows. 
Not only aiding conservation of soil and water, they 
help save human energy and time, promoting ever- 
greater production per man, per hour, per acre, and 
per machine. 


TEACHING 
AIDS... 
NOW OFFERED 


BE SURE YOU HAVE THE NEW 
VISUAL AIDS CATALOG 


As its contribution to,a prosper- 
ous, enduring agriculture, the Case 
Company has prepared some sixty 
educational items. The new Visual 
Aids catalog describes each and 
tells how to order. Get your copy, 
and schedule your choice of movies, 
etc. through your nearest Case deal- 
er or Branch House. J. I. Case Co., 
Racine, Wis. 


For decades Case has spearheaded the war against 
waste by providing farmers with implements ideally 
suited to conservation practices. Now, with its remark- 
able Eagle Hitch and implements far advanced in con- 
cept and function, Case continues to create weapons 


for the fight. 
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You Get Many Benefits 
by Specifying MI¢KERS dydraulics 


ONE OF A SERIES 
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that means improved 
oul hydraulic equipment 


Research 
The list of pioneering developments in hydraulics contributed by Vickers research 
is long and impressive. Among the most important are: 

Hydrostatic Relief Valve e Commercial Power Steering e Balanced Vane 
Type Pump e Flow Control Compensator e Axial Piston Pump and Motor 
These are fundamental developments that have been of vital importance in’ the 
progress of hydraulics. They are representative of a large line of equipment that, with 
Vickers experienced application, assures you the best in any type of hydraulic operation. 
Vickers, with unmatched laboratory and basic research facilities, continues to lead 


the way in the oil hydraulics industry, 


VICKERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1516 OAKMAN BLVD. e DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA ¢ CHICAGO (Metropolitan) * CINCINNATI « CLEVELAND 
DETROIT ¢ HOUSTON ¢ LOS ANGELES (Metropolitan) « NEW YORK (Metropolitan) « PHILADELPHIA 
PITTSBURGH ¢ ROCHESTER ¢ ROCKFORD ¢ SEATTLE ¢ TULSA ¢ WASHINGTON ¢ WORCESTER ~ 


6357 
ENGINEERS AND BUILDERS OF OFL HYDRAULIC EQUIPMENT SINCE 1921 
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Transmission Series 


Morse Double Pitch Standard Chain—with 
attachments. Available with bent or 
straight attachment plates, one or two 
attachment holes, standard or large rollers. 
Pitch sizes from 1” to 2%". 


Morse Double Pitch Power 


Morse Double Pitch Con- 
veyor Series 


Why MORSE Double Pitch Chains 


maintain pitch longer! 


You provide your customers with new freedom from 
maintenance cost, time loss, and annoyance when 
you equip your machinery with Morse Double 
Pitch Chains. 


These tough, precision-built chains eut problems 
raised by gradual pitch elongation to a new low. 
They re steel—coid-rolled, fine-grain alloy steel, 
heat treated and shot-peened for maximum endur- 
ance and strength. 


Each component part is built according to the 
role it must play. For example, pins and bushings 
are made from special high-nickel, fine-grain alloy 


PRODUCT /<. 


2 (A, 


we 


steel. Pins are case-hardened for wear resistance, 
finish-ground to close limits. 


Bushings are case-hardened and curled for maxi- 
mum wear. Smooth inner bearing surfaces and true 
roundness help eliminate pin scoring, inerease joint 
life, reduce elongation, Link plates are treated to 
obtain maximum strength and endurance necessary 
in highly stressed tension parts. 


Let us give you details on Morse Double Pitch 
for your special needs. Write Morse Chain Com- 
pany, Dept. 491, 7601 Central Ave., Detroit 10, 
Michigan. 


MORSE 
bees 


PRODUCT 
QUALITY 


MECHANICAL 
POWER TRANSMISSION 
PRODUCTS 
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International Harvester’s new Model 20-C Field Harvester provides low-cost, flexible harvesting for forage or row crops. 


yonine**" 


for more seasons of efficient harvesting 


From the day it was conceived on International 
Harvester’s drawing boards, the new dual-purpose 
McCormick Field Harvester was designed for speed, 
high capacity, flexibility and economical perform- 
ance. Fafnir Ball Bearings fit this blueprint for 
eficient harvesting perfectly. Fafnir Bearings are 
used on key rotating elements including the rotor 
shaft, conveyor drive shaft, apron drive sprocket 
shaft and gear case coupler shaft . . . elements where 
long life, low overall cost and minimum friction 
are essential, 

Like the other leading farm machinery manufac- 
turers, International Harvester finds ball bearings 
in the Fafnir Line that meet design requirements 


exactly. And Fafnir offers farm machinery manufac- 
turers more than high quality and wide variety. It 
brings to every application the Fafnir “attitude 
and aptitude” . .. a way of looking at bearing prob- 
lems from the designer’s angle . . . an aptitude for 
providing the right bearing for every job. Maybe 
these Fafnir attributes can help you. The Fafnir 
Bearing Company, New Britain, Connecticut. 


FAFNIR 


BALL BEARINGS 


MOST COMPLETE LINE IN AMERICA 
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BLOOD BROTHERS 


continues to offer 


SAFETY 


for SURE 


ok | lie St oi to 


in the Drive 
Line Assembly 


with INTEGRAL 
SAFETY SHIELDS! 


For powered farm implements, Blood Brothers Drive Line Assemblies 
with Integral Safety Shields offer definite advantages you can pass along 
to users. Because Safety Shields need not and cannot be removed, they 
reduce the possibility of farm accidents. 


Exterior tube and shields are mounted on ball bearings. Thus interior 
power shaft tubing can revolve while shields stand still. Universal 
joints remain readily accessible. 

An exclusive Blood Brothers feature, these Integral Safety Shields 
have won wide approval in the field for years. Today they are used on 
mowing machines, corn pickers, forage harvesters, hammer mills and 
other implements. You can specify them on assemblies from the 
K-1-C Series on through 35N Series sizes ... on non-slip front or 
two-joint slip assemblies. 


As an added feature for safety—for sure—consider what Integral Safety 
Shields could add to your products. Write for specific details. 


For farm implements, more Blood Brothers Universal Joints are 
used than all other makes combined. 


BLOOD BROTHERS machine co. ALLEGAN, MICHIGAN 


AGRICULTURAL UNIVERSAL JOINTS 


Division of Standard Steel Spring Company .. . Chicago Office: 122 S. Michigan: 
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MORE T 
MEETS 


You see here just 12 of the standard attach- 
ments in the complete line of Rex” Steel De- 
tachable Chains for agricultural machinery. 
These are the ones most commonly used and 
will be “right” for many of your applications. 
But there are more available than ‘meet your 
eye.”” The complete Rex Line includes many 
standard attachments not illustrated here. 
Not always, we know, will a standard chain 
or attachment do the job right. Although it is 
advisable to select a standard attachment 
wherever possible in the interests of cost, 
availability and replacement, if you have a 
special problem where a standard attachment 


OUR E 


will not do the job, we will be glad to give 
you all the help you need. 

The same high quality that has been built 
into Rex Cast and Steel Chains for 60 years 
makes it possible for you to specify Rex Steel 
Detachable Chains with every confidence of 
highest quality, proper design and lowest cost. 

Our Field Sales Engineers will be glad to 
work with you on any of your chain problems. 
Their many years of chain engineering expe- 
rience are yours for the asking. For all the 
facts, call our nearest office or write for our 
latest steel detachable folder. Chain Belt Co., 
4680 W. Greenfield Ave., Milwaukee 1, Wis. 


Serving the Agricultural Industry for Over 60 Years 


Belt company 


OF MILWAUKEE 


Atlanta + Baltimore + Birmingham « Boston « Buffalo « Chicago « Cincinnati 
Cleveland « Dallas « Denver « Detroit « El Paso » Houston « Indianapolis + Jackson- 


ville + Kansas City « LosAngeles « Louisville + Midland,Texas « Milwaukee 
Minneapolis « New York « Philadelphia « Pittsburgh « Portland, Oregon « Spring- 
field, Mass. « St. Louis « Salt Lake City « San Francisco « Seattle « Tulsa « Worcester 


Distributors in principal cities in the United States and abroad. 
EXPORT OFFICES: Milwaukee and 19 Rector Street, New York City 
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Chrysler horsepower on The moment the big plane stops V-8 Industrial Engine and can 
and the pilot cuts the engines, the furnish 1000 amperes, 28.5 volts 


generators, which in flight supply of direct current under continu- 


the ground for added electrical power to the batteries, ous operation—enough to handle 
stop too. But the electrical equip- the electrical load of the largest 

° ° ment in the plane—air condition- aircraft. Power from the same 

Safety in the Air nae ing, lights, radio, food containers, engine propels the unit, enabling 


everything electrical—continue it to serve also as a towing tractor. 
operating off the plane’s batteries. 
Only for a moment, however. 
In that length of time a self- 
propelled and_ self-powered 
energizer takes over and supplies 
all necessary current, even 
starting the plane’s engines when 
it’s time to leave. 


This is another in the long list 
of important uses of Chrysler 
Industrial Power. Whether your 
equipment requires V-8 or Six 
cylinder engines, Chrysler can 
supply them with gasoline, propane 
or natural gas burning carbu- 
retor, 3, 4 or 5-speed transmission 
Among the most popular mobile — and other optional equipment. 


ground power units are the For your power needs, see a 
**Power-Pull” units manufactured Chrysler Industrial Engine Deal- 
by Hobart and powered by Chrys- er, or write: Dept. 197, Industrial 
ler. The unit pictured uses the Engine Division, Chrysler Corporation, 
mighty 180 horsepower Chrysler Trenton, Michigan. 


Industrial Engines 
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PERCENTAGES SHOWING ATTENTION BEING GIVEN TO VARIOUS PROBLEMS 
t) 10 20 30 40 50 60 


REDUCED COSTS 
WAPROVED APPEARANCE 
PRODUCTION METHODS 
DECREASED MAINTENANCE 
MATERIALS SELECTION 
WEIGHT REDUCTION 
AUTOMATIC OPERATION 


GREATER PRECISION MACHINE DESIGN 
A 19 RVEY 
QUIETER OPERATION UGUST 1952 SURVE 


HIGHER SPEEDS 


In the case of six of the problems designated by the Machine Design 
survey, Diamond Roller Chains provide definite help: 
a: REDUCED COSTS—Fase of installation and simplification of design 


reduce costs. Center distances can be short or long. And absence 
of separating forces reduce size and cost of bearings. 


DECREASED MAINTENANCE —Longer life; load is distributed over 
many teeth. Ease of adjustment or replacement minimizes maintenance. 


WEIGHT REDUCTION —Diamond Roller Chains are light compared 

to tensile strength and power transferred. Sprockets mesh with either 

side of chain eliminating heavy gear trains for multiple shaft operation. 
BREATER PRECISION—No slip or stretch, with definite speed ratio 


maintained. Diamond Chains are pre-loaded before shipment. 


QUIETER OPERATION —The precision manufacture of all parts, 
the free roll of bushings and rollers result in smooth, 
quiet operation at all speeds. 


HIGHER SPEEDS— Diamond Roller Chains are so light in relation 
to power transmission capacities and tensile strengths that, for all pitches 
and multiples, chain loading due to centrifugal force is entirely 
egligible at ail normal ranges of chain speed, even to 4000 f.p.m. 


Product design engineers will find the experienced 
Diamond engineering staff ready at all times to make prac- 
tical recommendations. Our Catalog 709 is a helpful guide 
to have available for ready reference. 


DIAMOND CHAIN COMPANY, INC. 


Where High Quality is Tradition 
Dept. 614 402 Kentucky Ave., Indianapolis 7, Indiana 
Offices and Distributors in All Principal Cities 


Refer to the classified section of your local 
telephone directory under the heading CHAINS or CHAINS-ROLLER 
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Many farmers are using rather steep lands _—_and can get better yields with less labor 
for cultivated crops when they have idle, on the acres that have been drained. On 
rich, flat lands that are best suited for in- many farms, land use adjustments, includ- 
tensive use if drained. By draining the wet ing drainage, are far more important than 
lands, the farmer can use his steeper lands the installation of mechanical soil conser- 
for pasture rather than erosive row crops, vation practices. 
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: low ditches, with their 
flat side slopes. When 
moving the windrow of 
earth away from the 
ditch, All-Wheel Steer is 
used to offset the rear 
truck so as to miss the 
windrow with all 

four wheels. 


5 AD 


*. 


This ditch is relatively 
deep and narrow. The 
grader makes plow- 
ing cuts until there is a 
sizeable windrow of 
earth; then changes to 
the adjustment of wheels 
and blade that will 
best move the windrow 
away from the ditch. 
Finally, the grader will 
be used to spread 

the spoil banks. 
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-WESTERN COMPANY 


, Subsidiary of Baldwin-Lima-Hamilton Corporation 
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Rollers-Motor Sweepers Construction tquipment Wisin 


AURORA, ILLINOIS, U.S.A. 
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MECHANICS Roller Bearing UNIVERSAL and servicing — smooth running balance — 
JOINTS for Trucks are specially designed with Maximum strength with less weight — and 
less parts and connections for easy assembly long, trouble-free, safe operation. 


The MECHANICS Truck Type JOINT attaches directly to the 


brake Hange — from the rear —~ for easy assembly. 


PnP OER CLARENCE A so PLR PI i 


A large diameter, light weight, balanced propeller shah iro ns 
mits the torque between the universal joints. 


MECHANICS Truck Type JOINTS are assem- flange A; making possible servicing drum or joint, 
bled by attaching joint C to brake flange A in- without disturbing other attachments or altering 
dependent of fastening between drum B and original brake drum or propeller shaft balance. 


Let MECHANICS engineers help give your trucks o0 MECHANICS UNIVERSAL JOINT DIVISION 


other heavy duty machines these competitive advantages. Borg-Warner © 2046 Harrison Avenue, Rockford, Illinois 
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For Cars « Trucks « Tractors + Farm implements *« Road Machinery + 
Aircraft « Tanks * Busses and Industrial Equipment 
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Phe rung of a ladder.... 


“The rung of a ladder was never meant 

to rest upon, but only to hold a man’s foot 
long enough to enable him to put the other 
somewhat higher.’’ 


Those eloquent lines embody 
a principle that has been followed at John 
Deere for more than a century of manu- 
facturing quality farm equipment. 


Pausing on each rung just long enough 
to make sure of their footing, John Deere 
engineers, for instance, are climbing ever 
upward, finding new ways to speed up crop 
production .. . to lighten the farmer’s work 
... to increase his profits. 


The results, of course, are manifold. But 
none are more valued than farmer respect 
and enthusiasm for John Deere products, 
which—in 116 years of service to American 
agriculture—-have never been higher than 
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—Thomas Huxley 


they are today. And by this very measure, 
recent progress in the design, development, 
and manufacture of John Deere farm equip- 
ment has been particularly outstanding. 


The latest “rung of achievement’’ is the 
introduction of the Model ‘70’ Tractor, 
shown below. An important new member of 
a famous family, the John Deere Model ‘*70” 
is a powerful tractor, with feature after 
feature that proclaim it the modern tractor 
for the large row-crop farm .. . a tractor 
that continues and accentuates the famed 
John Deere policy of offering farmers across 
the nation the utmost in modern design and 
proved performance .. . in quality farm 
equipment. 
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Are Easy Assembly and Low Cost “Musts’ for You? 


Here’s how leading automobile manufacturers 
__ get them with NEEDLE BEARINGS 


Quick installation and low cost are just two of many 
reasons why America’s major car manufacturers use 
Torrington Needle Bearings. 

They have been performance-proved, too, in millions of 
cars driven billions of miles. 

In steering gears, brake and clutch linkage pivots, 
transmissions, universal joints, steering idlers, steering 


knuckles and other vital assemblies, Needle Bearings are 


APS 
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prime contributors to smooth performance, easy handling, 
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and safe, comfortable riding. 
They have been adopted as “standard equipment” in 


oucaera 


many products throughout industry since their introduction 


nearly twenty years ago— because of their high radial 


— 
oe 
; 

w% 


‘J 


— 
eS | 


i 


capacity, compactness, long service life and low cost. 


Why not find out how the Needle Bearing can improve 
your products? 
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THE TORRINGTON COMPANY 


Torrington, Conn. South Bend 21, Ind. 
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TORRINGTON BEARINGS 


Needle e Spherical Roller e Tapered Roller e Cylindrical Roller e Ball e Needle Rollers 
Trade Marks of 12 of the 18 passenger car manufacturers, all of whose cars enjoy the benefits of Needle Bearings. 
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REY NO LDS FARM INSTIT UTE 


P. O. Box No. 1800 
Louisville 1, Kentucky 


REYNOLDS FARM INSTITUTE 
Is pleased to announce its association with 


MIDWEST PLAN SERVICE 
For the development of better farm buildings 


using aluminum - - ° 


The well known Midwest Plan Service — one of the important activities 
of 15 Midwest Land Grant Colleges an Department of 
Agriculture — now has a new collaborator: The Reynolds Faro Institute 
To the design improvements in farm structures exemplified in Midwest 
Plans will now be added the advantages of aluginuD. 

The scope of this joint endeavor includes both previously published 
and forthcoming Midwest Plans. All existing plans will be reviewed by 
Reynolds engineers for adaptation to aluminum — where this is 
practical and desirable. 

On future plans, Reynolds and Midwest engineers will cooperate from 
the start — making the fullest use of aluminun's advantages where 


these apply- 

This is a new advance in the cooperation of industry and Agricultural 
Research, in the coordination of Materials and Methods. Practical 
results will be forthcoming within a few months. And these new plans 
will be available to farmers everywhere through Midwest Plan Service 


and Reynolds Farm Institute. 
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REYNOLDS FARM INSTITUTE 


THE LAND GRANT COLLEGES COOPERATING IN MIDWEST PLAN SERVICE: 


Univ. of Arkansas, Fayetteville New Mexico College of Agr. 
Univ. of Illinois, Urbana State College 

Purdue Univ.» Lafayette, Indiana North Dakota Agricultural 

Iowa State College, Ates College Fargo 

Kansas State College» Manhattan Ohio State Univ.» Columbus 
Mich. State College» East Lansing Oklahoma A&M College 


Univ. of Minnesota, St. Paul Stillwater 
Univ. of Missouri, Columbia S. Dak. State College Brookings 


Univ. of Nebraska, Lincoln Univ. of Wisconsin, Madison 
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in Engines Powering 


Modern Farm Machinery — 


assure Maximum Performance, 


Minimum Upkeep 


3 2 BR ae : 
aoe] A ry 
wo ics” | OF MANUFACTURING COMPANY 


General Offices: CLEVELAND, OHIO 
VALVE DIVISION: 9771 FRENCH ROAD ¢ DETROIT 13, MICHIGAN 


EATON PRODUCTS: Sodium Cooled, Poppet, and Free Valves» Tappets* Hydraulic Valve Lifters» Valve Seat Inserts * Jet 
Engine Parts * Rotor Pumps + Motor Truck Axles» Permanent Mold Gray Iron Castings * Heater-Defroster Units* Snap Rings 
Springtites » Spring Washers * Cold Drawn Steel» Stampings* Leaf and Coil Springss Dynamatic Drives, Brakes, Dynamometers 
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5 MILLION ACRE GREENHOUSE! 
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In the far Southwest, soil, water and seed com- 
bine with climate to produce almost green- 
house growing conditions! Millions and mil- 
lions of acres of wasteland are now turning 
green with citrus, cotton, alfalfa, vegetables. 
Land and climate have always been there. The 
main difference is that now, the crop land is 
level as a table, and there’s water. Most of this 
land has been leveled and ditched by Caterpillar 
Diesel power. Caterpillar power draws water 
up, often a thousand feet, to water the crop. 


Even the character of the soil is being changed. 
Just as you would shovel-mix a sandy soil with 
a black clay to produce an ideal potting soil in 
the greenhouse, so do these ranchers. Only 
their tools are Caterpillar Diesel Tractors and 
Caterpillar Earthmoving Equipment that move 
10-15, even 25 yards at a time, mixing gumbo 


and light soil to exactly the right consistency. 
“Trading dirt,” as this is called, is another 
conservation and soil improvement operation 
now being practiced in the Rio Grande Valley. 
Here, as elsewhere, you'll see predominantly 
Cat equipment at work. Caterpillar power has 
moved more dirt and cleared more land than 
any other man-made power in the world. 


The Southwest has often been the proving 
ground for new methods of farming in the 
United States. Perhaps some day, across the 
width and breadth of the nation, soil will be 
tailor-made to the crops that will grow there. 
The American farmer will produce bigger 
yields from the same acreages. Caterpillar 
Diesel Tractors and Earthmoving Equipment 
will help him do it. Caterpillar Tractor Co., 
Peoria, Illinois. 
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DIESEL ENGINES + TRACTORS + MOTOR GRADERS + EARTHMOVING EQUIPMENT 
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Link-Belt roller chain sprockets 


Quick on! Quick off! 


with taper lock bushings 


ERE'S great news for users of roller chain 

drives! With the new Link-Belt taper lock 
sprocket, you don't have to fit the sprocket to the 
shaft. These sprockets with their taper lock bush- 
ings give you the equivalent of a shrink-fit on all 
standard shaft sizes. 

Installation and removal are fast, simple. Set 
screws force and hold bushing in tapered bore of 
sprocket, clamp it tightly onto shaft. The fall 
length of the bushing supports the sprocket on 


i, WE Ses6scsussepse. 


the shaft. Turning set screws in removal holes 
quickly releases it from shaft. 

What's more, it's no longer necessary to wait 
while wheels are rebored. You can pick these 
sprockets right off the shelf at your nearby Link- 
Belt distributor or factory branch store. Available 
now are sizes for 19, 5g, $4, 1 and 114-in., single- 
width chains with other sizes to be announced. 


Ask for Bulletin 2449. 


AN IDEAL COMBINATION: 
LINK-BELT PRECISION 
STEEL ROLLER CHAIN & 

LINK-BELT SPROCKETS LINM-SELT COMPANY: Plants: Chicago, Indianapolis, Phils 


Pa., Adlanes, Mouuee, Minneapolis, San 
Francisco, Los Angeles, Seattle; Scarboro, Toronto 
Elmira, Ont. (Canada); Springs (South Africa); 
(Australia). Sales Offices, Factory Branch Stores 


ROLLER CHAIN AND SPROCKETS 


Distributors in Principal Cities. 
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7 permits earlier, cleaner horvest, 
W.R. Mitchell, Grundy Center, lowa 
Re i i ase 


Avoid harvest time glut... get more for your grain 
with on-the-farm Quonset storage. Chart shows monthly 
corn prices for the 1951 crop year. 


Quonset owner leads the way 
to greater grain profits | 


W.R. Mitchell, tenant farmer, of Grundy 
Center, lowa, views with pride his 1952 
corn crop—the first corn picked in Grundy 
County last year. 


Because Mr. Mitchell used a Quonset com- 
bination ear corn drying unit and granary, 
he was able to begin picking his corn on 
September 27—-at 30% moisture content 

up to 30 days before his neighbors. Mr. 
Mitchell reports his picker left less corn 
in the field, his corn borer loss was mini- 
mized and he no longer worries about a 
wet fall when the corn is slow to field-dry. 
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Goodlooking, durable and easy to maintain. That's 


the Quonset . . . all-purpose farm production tool. 


“My form machinery is easier to service,” scys 
Endren P. Johnson, Huxley, lowa, of his Quonset. 


Farm for the Fature...with Quonset° 


This Quonset 32 x 60 dried 5,500 bushels 
of ear corn and its smaller bins held up 
to 4,000 bushels of other grains. The farm 
owner purchased this size because it pro- 
vides ample separate bins for his own share 
of the crop, as well as Mr. Mitchell's. 


Thousands of farmers have found that 
grain can be safely stored right on their 
own farms ... held until market prices are 
right or the grain is needed for feeding. 
Quonsets are available for any capacity— 
1005 to 50,000 bushels. They are easy to 
finance on the Quonset Purchase Plan or 
through CCC Storage Facility Loans. 


This Quonset 16 Granary, complete with fan- 
i and-tunnel “package,” lets you dry and hoid 
bE your grain. 


Consult your authorized Quonset dealer . . . a 
specialist in farm service buildings, or write us 
direct for complete information on the Quonset 
best suited to your operation. 


STRAN | STEEL 
FRAMING 


Beef barn owned by W. A. Allely of Montezuma, 
lowa, is a time-saving, lab sr-saving Quonset 40 x 60. 


GREAT LAKES STEELCORPORATION ~~ 


Stran-Steel Division 


@ 


An Ecorse, Detroit 29, Mich. 
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A report to you about men and machines that help maintain International Harvester leadership 
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STRAWS AGAINST THE WIND 


IH Engineers develop new machines to help 


hold moisture in the soil and soil on the field 


The new McCormick No. 4 stubble mulch tiller shown 


above offers the farmer multiple aid in his battle to re- gu ronan 

tain rainfall on the land and protect the surface from a si 

erosion. It will chisel to a depth of 12 inches, break- f aS amt nee 
ing up plow sole and greatly increasing the water- alta iii de = oat. 


holding capacity of the soil. Or, fitted with flat-crowned 
stubble sweeps, straw and weeds are sheared off cleanly 
three to five inches below the surface. In both cases, 
straw is anchored in the soil to form a protective sur- 


(oes las pits Foes hon 


face. The straw cover reduces soil washing and sur- Oho ID’ 

face compaction. In dry periods, surface of the soil gate - 2g 00% 

is protected from destructive wind action. at, 1/'E, jen Cay" ‘ 
The No. 4 is available with from seven to 13 spring ‘ bhp. <j Ae 7 

shanks. There is unusual clearance under the frame A + cp ‘ Fo {4 ; 

and between teeth. For additional utility and lowered eo ge 4 ef “4 

equipment investment, it also may be equipped with ™ the 7h et: 


24-inch square tool bar to which middlebuster bot- The new McCormick No. 22-H plow offers increased capacity and 
toms, coil and stiff shanks, furrowers, subsoilers, ditch- operating economy in areas where one-way plows are preferred. Design 


: er . ‘ “ features include hydraulic control, anti-friction bearings, high overhead beam 
ers and bedders can be attached. Control ay be man- for trash clearance, and easy conversion to end-wise transport. Available 


ual or hydraulic. in sizes to cut 12 or 15 feet. 


1H engineering teamwork produced the new No. 4 stubble mulch tiller, the 
No. 22-H plow, and many other tillage machines for special farming conditions. On 
hundreds of such problems, IH research, engineering and manufacturing men spend 
their time and talent to achieve a common goal—that of providing farmers every- 
where with equipment that suits their individual farming needs exactly. 


INTERNATIONAL HARVESTER 


International Harvester products pay for themselves in use—McCormick Farm Equipment and Farmall Tractors... 
Moter Trucks... Crawler Tractors and Power Units... Refrigerators and Freezers— General Office, Chicago 1, Illinois 
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-F gous AETNA T-TYPE CLUTCH RELEASE BEARING 


4 


- [-shaped oil-impregnated bronze 
ball separator maintains perfect concen- 
tricity—eliminates eccentric thrust, exce 
sive wear—assures the plus smoothnes 
quietr nd endurance of bronze-to-stee 


Stondard and Special Ball Thrust 
Bearings @ Angulor Contact Ball 
Bearings @ Special Roller Bearings 
@ Ball Retainers @ Hardened and 
Ground Washers @ Sleeves @ Bush- 
ings @ Miscellaneous Precision Parts. 


In 1953, as in the past 19 years more of the nation’s 
mobile vehicles will be equipped with the Aetna T-Type 
clutch release bearing than with any other type. Its 
unrivaled service life has always made it the most 
economical in the long run. Once installed it is trouble- 
free, attention-free for vehicle life. Thanks to its 
design and lubricant capacity there’s no need of costly 
machining operations for oil lines or grease fittings— 
no need for further maintenance whatsoever. Think 
what thatsaves inmanand machine hours on the assembly 
line, in saving up-keep costs for the vehicle owner. 


It’s a trusty sign of dependability and economical 
performance in any vehicle—the famous Aetna 'T-Type 
bearing. Investigate. Find out the many other sound 
reasons it deserves a place in your specifications. 


AETNA BALL AND ROLLER BEARING COMPANY 


4600 Schubert Avenue e Chicago 39, Illinois 
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New Frontiers for Agricultural Engincers 
Ivan D. Wood 


N THIS address I shall attempt to set forth what agricul- 
tural engineers have accomplished through the years 
since that day some 46 years ago when a group of 

serious-minded young men gathered together and conceived 

the idea of an agricultural engineering profession. In that 
group were some immortal names such 
as Davidson, Chase, Riley, and others 


MEMBER ASAR 


census it was 150 million, and now stands at the amazing 
total of over 160 million, or did when I received the last 
The cropland of the nation has re 
mained nearly the same in area for the last 10 years. We 
continue to remove land from production about as fast as 

we reclaim it 


estimate recently. 


It is removed to make 
eg oroom for expansion of cities, for air 


well known to our profession. These | ports, for widening roads, for military 
men lived to sce the profession and the etl depots and the many other things which 
society representing it develop beyond #£ * ' modern civilization scems to need 

their fondest dreams. They could not 4 1 do not profess to be a prophet, but 
have foreseen the great changes which ‘ , ~ ™ | anyone with a pencil can trace the 


have taken place in the last half cen- J ; 
tury any more clearly than we can now 
foresee the happenings of the next half 
hundred years. We can only guess and 
reason and hope. 


t 
g 
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I should like to spend a little time 
in. prophesy. My prophesy will of 
course be subject to change without 
notice, because I cannot tell what great 
discovery tomorrow's newspaper may 
report on its front page. T hope, how- 
ever, that none of my listeners will ever 
cease to attempt a look into the future. 
The dreams you have today are often 
The laws of 
the universe arc boundless and we have 


the realities of tomorrow. 


barely begun to discover and apply them. 


Ten years ago we heard the physicists talk of nuclear 
reaction, of the transformation of matter into energy. We 
gave it scant attention until one morning a hundred thou 
sand human beings died in a blast at Hiroshima and then 
again at Nagasak.. 

Where do we go from here? Together shall we gaze a 
little into the crystal ball 7 

Rapid developments are taking place tn the field of land 
reclamation and soil and water conservation. Some of these 
changes are being forced upon us by a population increase 
which may yet outstrip our ability to feed it if we maintain 
our present level of food consumption. 


When I was a student at the University of Nebras!a, the 
population of this country was slightly over 95 million. Our 
professor told us it might some day reach 130 million and 
remain somewhcre near that figure. At the time of the 1950 


Annual address of the President of the American Society of 
Agricultural Engineers before the 46th annual meeting of the So- 
ciety at Pittsburgh, Pa., June, 1953. 


The author—IvaAN D. Woop—is irrigation engineer, Soil Con- 


servation Service, U.S. Department of Agriculture. Mr. Wood was the 


1952 rec pient of the John Deere Gold Medal awarded by the ASAE. 


Ivan D. Woop 
President, ASAE, 1952-53 


) ascending curve representing our popu 
lation increase and arrive at the conclu 
sion that the figure will reach 190 
million or more by the year 1975. A 
careful study of our food-producing 
capacity and food needs of the future 
scems to arrive at the conclusion that 
we will need about 99 million addi- 
tional acres of cropland or its equiva 
lent in increased production of present 
cropland to mect the goal. A careful 
invowe of the probability of reaching 
this goal seems to leave us about 22 
million acres short. 


New frontiers for agricultural engi 
necrs in this struggle for food produc 
1 bx 
lieve we will bring irrigation water to every irrigable acre 
in the West irrespective of cost. We will no doubt irrigate 
many thousands of acres now thought to be non-irrigable by 


tion will indeed be challenging 


use of pipe lines from rivers carried many miles to supply 
sprinkler systems. 


Heavy carthmoving machinery has changed our ideas 
about the preparation of land surfaces for irrigation and 
drainage. Not too long ago it required the lifetime of one 
or two generations to change the surface of a farm suffi 
ciently to make surface application of irrigation water 
practical. Now the job can be done in a few days with 
carry-alls of 16 to 24 yd capacity and 115-hp engine to pull 
them. The faster-moving rubber-tired tractors bid fair to 
speed the job still faster and make it cheaper. 


The larger and faster machines make it feasible to re 
move the top-soil, stockpile it, do the land lev<ting, and 
then put the topsoil back in place again. New ticas in land 
development for irrigation call for removing slope or reduc 
ing it to a minimum, then applying water quickly to the 
surface in order to obtain greater efficiency with less labor 
Bench leveling and bench terracing will be the order of the 
day in the future of agriculiure. Most nations which have 
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survived have retained the topsoil by these means, but it was 
done by laborious hand methods. Machines will make it 
possible to remove slope from much of our farm land in 
humid sections, making intensive cultural practices possible 
on areas which otherwise would necessarily be in grass crops 
most of the time. 

It has been true throughout the world that nations, 
plagued by overpopulation, have turned from livestock and 
been forced to eat grain products direct. This I saw in Guate- 
mala a year ago. With the exception of pigs and chickens 
there was almost no animals in that country. Humans acting 
as motors do most of the work. The lack of proper dict was 
everywhere apparent. Land was being successfully farmed by 
hand methods on slopes of 60 percent or steeper for thou- 
sands of feet up mountain sides. I believe one of the fron- 
ticrs which agricultural engineers must move upon will be 
the food front. Will we be forced to become a grain-cating 
nation? I do not propose to say, but if we keep from it we 
must do a better job of saving what soil and water we 
now have. 


NEED TO RECLAIM IRRIGATION SYSTEMS 


In this country we have some 742 million acres of crop- 
land now supplied with irrigation ditches which for one 
cause or another are not being irrigated. Studies show that 
much of it is waterlogged from irrigation seepage, impreg- 
nated with harmful salts or lacks proper preparation. In 
some cases, irrigation systems have fallen into bad repair 
and the less productive areas have been allowed to go back 
to dry-land farming. The coming generation of agricultural 
engineers must find means of reclaiming those portions of 
this potential irrigation empire which are worth reclaiming. 
New methods of drainage more effective than those used in 
the past will have to be found. 

I have been captivated by the work being done on 
clectroosmosis. Electroosmosis is that magic created when 
electrical potential is applied to soils for the purpose of 
drainage. It makes water run up hill, coaxes it out of col- 
loidal clay and even creates a new soil structure. Who can 
say but that with the coming of electrical energy from 
molecular power plants we will be draining the salts from 


some of our now hopelessly waterlogged swamps, the soil 
structure of which makes drainage impossible with present 
methods. 


The science of applying water to the land is in its in- 
fancy. Most of our present-day methods are yet crude. We 
lose about 50 percent of the water getting it to the farm 
headgate, and less than 50 percent of the remainder gets in 
to the plant. There is great need for better methods of 
ditch lining, particularly for farm ditches. We need a lining 
so cheap that it can perhaps be discarded when ditch clean- 
ing becomes necessary. A machine has been conceived which 
will shape a ditch cross section, lay a cheap waterproof 
membrane and cover it with dirt in one operation. Maybe 
aluminum foil has possibilities as a lining, or some other 
substance which a young agricultural engineer will find 
through research. 

Perhaps ditches are the wrong idea after all, especially for 
a sub-humid area like eastern Nebraska and Kansas where 
irrigation will not be necessary every year. Maybe a light 
metal pipe system, which could be laid out in a hurry when 
dry weather makes an appearance, is the answer. Few farm- 
ers will maintain a complicated system of ditches and struc- 
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tures through three or four years of wet weather. The pipe 
could be put in the barn loft and put to use in a few hours. 

In the future irrigation transportation systems will have 
to be made more efficient. As the need for water becomes 
more acute we will find ways of doing the job without the 
extravagant losses we now experience. The agricultural 
engineer ts the logical man to do this job. 

It is my conception that the design of irrigation systems 
of the future must give more consideration to the farm unit 
than has been done in the past. After all, irrigation exists 
for the benefit of the unit it is to serve and not to give some 
civil engineer the satisfaction of saying, “I have designed 
the biggest dam in the world.” I would rather be the agri- 
cultural engineer who says, “I have designed a hundred farm 
units which irrigate with case and efficiency and support 
100 happy farm families.” 

Sometime we must stop cutting farm units into half a 
dozen pieces with ill-placed irrigation and drainage ditches, 
leaving dozens of odd corners to grow weeds and insect 
pests. Sometime we must learn to use the rich black dirt 
in the berms of irrigation and drainage ditches in our land- 
leveling processes. Then the farm operator will not be 
handicapped with unsightly canal banks growing a myriad 
of weed varieties. Sometime we must stop making land- 
consuming borrow pits and get the needed dirt from 
land-development processes. 


RE-EVALUATION OF EROSION CONTROL NEEDED 


In the soil conservation field there are some frontiers 
which need investigation. Agronomists are still trying to do 
with grass that which might better be done with permanent 
structures. Certain types of gullying can be temporarily, 
halted by sloping and seeding, but the cure is temporary and 
lasts only as long as the farm is in the best of stewardship. 
There is now need for a revaluation of the whole subject of 
gully control, terrace outlets and some other phases of soil 
erosion control to determine how some of the so-called cures 
will stand the ravages of time, dry weather and change of 
farm ownership. 


In the field of power there is room for vast improve- 
ment in efficiency of power production. So far we have been 
pretty well supplied with coal, oil, gas and wood, things 
made from the solar energy expended upon the earth cen- 
turics ago. As these products become scarcer or less econom- 
ical to use, we will have to seek elsewhere and now is not 
too soon to start. 


Our total energy utilization in this country is somewhere 
near 10 hp for each man, woman and child on duty 365 days 
per year 24 hours per day. Since a man is equal to about 
‘io hp, it appears we have increased our output about 100 
times that of primitive man. 

Energy conversion from fuel varies from 2 percent up- 
ward, but is probably seldom over 20 percent. The recovery 
of some of the lost 80 percent is a frontier which young 
engineers might investigate. An internal-combustion engine 
with a compression ratio of 12-to-1 would improve our 
efficiency by 30 percent. If this type of engine were now 
available, it would save 121% billion gallons of our dwin- 
dling oil supply annually, according to C. L. McCuen, gen- 
eral manager of the General Motors Research Laboratories. 


In the next period of engineering, we will hear much of 
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the gas turbine and the turbojet, maybe for tractor power 
and certainly for automobiles. 

I believe the next generation will sce a great use of solar 
energy as a source of power for everyday use. Many research 
laboratories are probing into its possibilities. I do not believe 
many persons have given thought to the tremendous amount 
of energy given off by the sun continuously. When it 
reaches the earth's surface, it is equivalent to that contained 
in 2000 tons of coal or 400,000 gal of oil, for each day, per 
square mile. At present the most practical way that this 
energy can be stored for future use is by chlorophyl in the 
photosynthesis of plant life. This process is not very efh- 
cient. A field of hybrid corn, yielding 100 bu per acre 
recovers about 0.5 percent of the annual sunlight used to 
produce it. A 14-ton yield of sugar beets per acre has been 
estimated to recover about 11 percent of the total annual 
solar energy. 

Some little progress has been made in storing solar 
energy in the solar house which uses sunlight to heat various 
substances during the day for use at night. Two scientists 
at the Massachusetts Institute of Technology announced 
recently a process of making hydrogen when sunlight was 
directed to solutions containing certain iron compounds. 
Now we are on the threshold of discovering the magic 
properties of chlorophyl and the means whereby this master 
catalyst does its work, a work without which no life would 
exist on this planet. 

I believe a great frontier lies beyond the horizon of 
known and unknown metals. Such substances as titanium 
seem to hold great promise for future light vehicles. Titan- 
ium is about half as heavy as steel, yet is almost as strong. 
It is ductile yet resistant to many things which corrode steel. 
We have not made the use of aluminum which is yet pos- 
sible. Lightness in irrigation structures has become an im- 
portant factor as labor has become scarcer. In modern irri- 
gation practice the farm operator often must do his farm 
work and run the irrigation at the same time. His portable 
irrigation must be light to facilitate this job. 


PUBLIC RELATIONS AS A NEW FRONTIER 

There is another frontier which agricultural engineers 
and as a matter of fact all other engineers must investigate 
and then proceed to do something about. We have done a 
lot of talking about it and all seem to realize its importance, 
yct we still refuse to take the matter scriously. I refer to the 
public relations angle, namely, our contact with fellow men 
—our means of basic communication, speaking, writing, 
composing. A better knowledge of good English and the 
ability to use it effectively would take us more freely and 
actively into public affairs. In my work this past year I 
have had an opportunity to talk to many industrial people as 
well as those engaged in affairs of state. No one ever seems 
to doubt the engincer’s ability to use the right formula; they 
believe implicitly in his honesty; they praise his diligence, 
but usually end by saying, “Oh, if he could only talk in 
public,” “If he could enly write good reports,” or “Wouid 
that he could spell.” 

I believe that this weakness with regard to public con- 
tacts has been a distinct disadvantage in many ways. It has 
put us in second and third place when executives are chosen 
in some cases. It tends to relegate us to the role of handy 
men—good to have around when a topographic map is 
needed or a special machine designed. Before we go too far 
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in our criticism of those who scem to have left us out in the 
cold in many cases, we should examine our own house and 
put it in better order. 

For years now I have sat in our ASAE annual and winter 
meetings and heard men of supposed national prominence 
read papers in a monotone too low to be heard beyond the 
first four rows. I have seen charts and slides so complicated 
that even the speaker got hopelessly mixed up in trying to 
explain them. It seems hard for engineers to learn that 
there is as much know-how needed to prepare good slides 
and charts as there is in designing a dairy barn, or that 
public speaking is something other than saying the words. 

In the January issue of Magazine Digest there is a very 
interesting article, entitled “Are Car Manufacturers Our 
Real Killers?’ This article seemed to me to open wide 
another frontier for engincers, engineering for safety. No 
one reading this article can help but be impressed with the 
disregard with which safety has been treated in our modern 
car design. An analysis made by the Denver Post of car 
accidents in 1952 for Colorado, showed that of the 380 
people killed 121 could have been saved by the simple 
expedient of a crash belt. So simple and harmless an appear- 
ing thing as a pop bottle in the back window ledge of a car 
can become a projectile, on sudden stops as occur in a head 
on collision, with sufficient force to crush a human skull. 
Baggage in the trunk can shear off the legs of helpless 
victims in the car seat. It is a question how long the public 
can be beguiled by fancy streamlining, more horsepower 
and chrome finishes. 


THE AGRICULTURAL ENGINEER HAS A SAFETY JOB 


The agricultural engineer has a job to do in regard to 
farm safety. C. L. Hamilton of the National Safety Council 
says, “Farm tractors are being sold faster than safe tractor 
operation.” He says that at present 87 percent of all tractors 
on farms are of the wheel type, 7 percent of the garden 
varicty, 4 percent are of the track-type and 2 percent are 
homemade. In 1950 there were 640 fatal accidents with 
wheel-type tractors. Reports seem to indicate that the total 
number of such accidents is increasing by about 40 cach 
year, but the rate per 100,000 tractors 1s not increasing. 
Statistics are not readily available on non-fatal accidents but 
the National Safety Council estimates that they range in 
number from 20,000 to 30,000 annually. Over one-third of 
all fatal tractor accidents in Iowa from 1949 to 1951 were 
on the highway, yet the tractor spends a small percentage 
of its working hours on the highway. The reasons given 
were slow-moving vehicles merging with fast road traffic, 
operating the machine at excessive speeds, ignoring rules of 
the road, and improper tractor markings. 

The engineer of the present and of the future should ask 
himself, “Are we getting too far ahead of the human body 
with our complicated machines?” Human evolution is a 
slow process. We have about the same body as that pos- 
sessed by primitive man. We have been thousands of years 
losing our big toe, but we still have it. We have been walk- 
ing upright for thousands of years, but our internal works 
still revolt at the idea and would probably work better if we 
traveled on all fours. 

Are we on the threshold of a new type of enginecring 
which we might call human engineering? Our world of 
gadgcts has become too complicated for the majority of 
humans in some fields. My son, (Continued on page 458) 
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Grain Cooling by Air 


W. V. Hukill 


MEMBER ASAE 


NE of the difficulties encountered in storing grain for 
more than a few months is the migration of mois- 
ture to the upper layers. The cause of this moisture 

movement and its effects are discussed brictly 

entitled “Mechanical Ventilation of Stored Grain’ 
inson, Hukill and AGRICULTURAI 
ING for November, 
dition; 


paper, 
by Rob 
Foster, in ENG!NEER- 
1951. 
morsture 


This paper discussed the con- 
migration 
effect on the condition of the grain. It also discussed equip- 


under which occurs and_ its 
ment for controlling moisture movement that has been used 
in large buildings of 30,000 to 50,000-bu capacity by the 


federal government in its grain-storage program. 


When grain ts stored in large bulks and held from the 
summer through the differences in 
various parts of the grain pile set up 


convection currents throughout the grain and vapor-pressure 


following winter, the 
temperature between 


differences between the grain in different parts of the ape 


As a result, there is a slow but continuous exchange « 

moisture from the grain in the warmest section to that tn 
is cool. The increase in moisture usually occurs at the top 
surface of the grain pile and may become noticeable carly 


in the fall as atmospheric temperatures have started to drop. 


Usually no serious damage 1s done until midwinter, al- 
though sometimes excessive moisture content in the upper 
surface can be noticed carly in the fall. In grain bins of 
less than 1,000 bu or so this effect 1s seldom very serious 
because the grain mass ts so small that large differences in 
temperatures between interior and outer layers of grain do 
not develop. 

In the large flat storages used for government-stored 
corn, many of which were used starting in 1949, this difh- 
culty was anticipated and ventilating tunnels were installed 
in the storages before they were loaded. Air circulation 
through the grain was furnished by electric or gasoline- 
powered fans to draw atmospheric air downward through 
the grain during cool or cold weather thus facilitating the 
more of less uniform cooling of the whole mass of grain. 
The rate of ventilating in these bins was mostly in the neigh- 
borhood of 0.1 cfm per bu of grain. With this volume of 
air circulating it was possible to reduce grain temperatures 
through a large part of the grain mass sutliciently to prevent 
trouble by ventilating for a period of 4 or 5 days to a week. 

A large number of storages having capacities from 3,200 
to 10,000 bu were erected and filled with corn. These were 
Last winter the 
grain in some of these storages of intermediate size gave 
considerable trouble on account of moisture movement to 
The usual treatment consisted of stirring the 
surface with a rake or fork, breaking up the caked surface, 


not equipped for cooling by ventilation. 


the surface. 


or in extreme cases rcneanati the grain from | te bs te Sith 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, HL., December, 1952, 
as a contribution of the Farm Structures Division. Journal Paper 
No, J-2191 of the lowa Agricultural Experiment Station. Project 
No. 587 
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of the bin and disposing of it. This procedure requires con- 
siderable supervision and labor and docs not correct the 
trouble even though it may temporarily reduce the serious- 
ness of spoilage. 

Last winter in Greene County, Iowa, many of the 10,- 
000-bu bins were requiring a great deal of attention and an 
attempt was made to cool the grain by mechanical ventila- 
tion. These are circular wooden bins 30 ft in diameter and 
16 ft to the cave. The walls are lined with roll roofing 
to prevent the penetration of storm water. By January some 
of these bins had become badly infested with insects, the 
surface moisture was high and frequently the underside of 
the roof would be wet from condensed moisture arising 
from the warm interior grain. The insect population had 
become great enough to raise the temperature of the interior 
grain to between 100 and 105 F. Temperatures within the 
grain pile of between 100 and 105 F are observed fairly 
frequently, but rarely, if ever, are they found higher than 
this. Raking the surface of such a bin loosens the grain and 
may interfere with the activity of a few insects on the sur- 
face, but condensation of moisture usually continues after 
raking and a bad bin must be given repeated attention. If 
a few hundred bushels are removed from the surface of the 
grain, the same situation ts likely to develop on the newly 
exposed surface unless the heat of the grain below is con- 
trolled. 

These bins were not equipped for air circulation and it 
was necessary to install some duct work if the grain was to 
be cooled. It is expensive to empty and refill a bin, and sev- 
eral methods of inserting air ducts without emptying the 
bins were attempted. It was found that by making an open- 
ing in the wall of the bin near the ground a perforated pipe 
could be pushed horizontally into the grain. Several bins 
were equipped with horizontal pipes in this manner. The 
pipe was perforated so that if air was exhausted from the 
pipe a downward flow of air through the grain from the 
upper surface would be induced. In order to get a sufficient 
movement of air, the fan of a pneumatic grain conveyor was 
used to draw air out of the pipe. The fan was powered by a 
25 to 30-hp gasoline engine. A negative pressure up to 12 to 
14 in could be created using this equipment. Lower capacity 
fans were also used. It was found that by operating the 
large capacity fan for 4 or 5 days to a week sufficient cool 
air was drawn through the grain to reduce the temperature 
to about 50 F. The heavy equipment required for inserting 
the pipes and creating the air flow made this a cumbersome 
operation. It was found that the air circulation by this 
method was not as cffective as it should have been for the 
following reason. Even though the negative pressure inside 
the perforated pipe may have been very high, most of the 
pressure drop was used up in drawing air through the per- 
forations in the pipe and through the layers of grain im- 
mediately surrounding the pipe. The downward movement 
of ar through the r155 of main as a whole was actuated by 
a very small n_gative prcssure. The corn near the sidewalls 
being cold and that in the center of the bin being warm, 
there was a tendency for most of the induced air movement 
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to take place around the sidewalls of the bin, and at the 
center of the bin the flue action due to the high temperature 
tending to move air upward was almost as great as the 
pressure tending to move the air downward. The result 
was that most of the air drawn out of the pipe came down 
through the grain in the parts of the bin near the sidewall 
where the grain was already cooled. That in the center of 
the bin was ventilated very poorly and it took a long time 
to cool the center column of the grain. 

This method was effective in cooling the grain but was 
expensive in equipment and power and labor. 


A SECOND METHOD OF COOLING GRAIN 


A second method of cooling the grain was attempted. 
In this case perforated pipe 4 in in diameter was sunk ver- 
tically in the grain from the top surface in the center of 
the bin. The perforated pipe was completely immersed in 
the grain and connected to a solid pipe of the same diameter 
which extended up through the surface of the grain. The 
perforated section of the pipe was usually 4 to 8 ft long, 
and it was found that the pipe should be solid to about 3 ft 
below the surface of the grain. The intake from a small cen- 
trifugal fan was connected to this pipe and the exhaust from 
the fan was piped to discharge outside the bin. With this 
arrangement it was found that with a 3-hp electric motor 
the central region of a heating bin could be cooled in about 
a weck. A number of bins were treated in this manner and 
gave no further trouble. The grain in one bin, however, 
after having been ventilated for a few days and the temper- 
ature down to a depth of about 8 ft having been reduced to 
50 F or below, still had a pocket of warm grain that had 
not been reached adequately by the ventilation. About four 
weeks later the grain above this hot spot had also heated 
and moisture was again accumulating at the surface. 

These tests indicated that mechanical ventilation during 
cold weather could be a useful way of treating the accumula- 
tion of moisture in the upper layers. They indicated also 
that in order to be permanently effective the treatment 
should leave no heated spots in any of the grain. 

One interesting observation was that after the cooling 
had proceeded for a few days large numbers of insects 
were drawn through the pipe and discharged through the 
fan. The collections of insects caught in a cloth bag at- 
tached to the discharge pipe indicated that as the grain 
cooled the insects tended to move toward the areas that were 
still warm and eventually found themselves at the perfor- 
ated pipe and in the air stream. 

The insertion of the vertical pipe for this purpose in a 
bin already filled was accomplished without much difficulty 
by pushing the pipe down and using either the suction of a 
pneumatic conveyor or a houschold vacuum cleaner for 
drawing the grain out of the inside of the pipe as the pipe 
was pushed down. Without removing the grain from the 
pipe as it is pushed downward, a great deal of pressure 
would be required and only very heavy pipe would with- 
stand the pressure required to insert it. Ordinary galvanized- 
iron 4-in gutter spouting can be inserted to a depth of 10 to 
12 ft if the grain is withdrawn as the pipe goes down. 

The treatment described above appears to be a practical 
method of preventing further damage after a bin of corn 
has begun to go out of condition, on account of moisture mi- 
gration. The question arises, however, whether the trouble 
can be prevented before it has started, and can it be done on 
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a practical and economical basis in a routine manner? If so, 
a substantial source of reduced quality in stored corn could 
be eliminated and the nuisance and expense of raking, fumi- 
gating and disposing of small lots of grain on account of 
imminent damage could be reduced greatly. 

This scason a number of bins of government corn at 
various locations have been equipped for mechanical venti- 
lation for this purpose. This is being done in Indiana, Ne 
braska and Iowa and possibly in other states as well. Fol 
lowing is description of the tests underway in lowa: 

Bins at three sites in lowa——Cooper, Scranton and Ames 
have been equipped with mechanical ventilators. Electric 
fans have been installed in about 30 bins. In general, the 
ventilating pipes are about as described for last year's cool. 
ing. Five-inch perforated pipe is used in most of the bins. 
There is variation in pipe diameter and in the depth of in- 
sertion, but usually about 9 ft of pipe is inserted vertically in 
the grain. The lower 6 ft of pipe is perforated. Small cen- 
trifugal electric fans are mounted to draw air out of the 
pipe and discharge it outside the bin through a 3-in gutter 
pipe. The fan motors use from 35 to 50 w and move from 
50 to 100 cfm of air. With this air volume they are not ex- 
pected to cool all the grain quickly. In a 10,000-bu bin the 
air circulation is only 0.01 cfm per bu or less. The fans were 
started in September and October and will be operated con- 
tinuously throughout the winter. It is hoped that, even 
with this small volume of air circulation, moisture migration 
will be controlled in two ways. First, during the period 
when the fan is operating, any tendency for an upward con 
vection current at the center of the bin will be counteracted 
by the suction from the pipe and no warm air will move up- 
ward to the surface and contact cold grain there. Second, 
by continuous operation the grain will eventually be cooled 
in the center of the bin, thus climinating the tendency for 
convection to take place. Meanwhile any insects present 
will find it more dithcult to build up large population and 
induce hot spots 


ONE CHARACTERISTIC OF MOISTURE ACCUMULATION 


Some of the bins under observation are round wooden 
ones as described above and some are 18-ft round stecl bins 
about 15 ft deep, holding 3,200 bu. In addition to the elec 
tric fans a few wind-operated suction ventilators have becn 
installed on other bins. They are connected to perforated 
pipes buried in the grain in about the same way as the 
electric fans. The air circulation in these bins will of course 
depend on the wind and will be continuous though of vari 
able intensity as long as the wind ts blowing. 

One of the characteristics of the moisture accumulation 
in upper layers 1s that where the grain surface is uneven, the 
highest grain in the bin tends to be most affected. For this 
reason the grain is usually leveled off after filling, and it is 
not practical to fill the bin above the eave. In the 30-ft bin, 
800 to 1,000 bu more grain could be put in the bin if it were 
heaped up in the center. A few of the ventilated bins have 
been filled to capacity to sce if the air circulacion wiil per 
mit this kind of loading without danger of damage. If so, 
the practical storage capacity can be increased by about 8 
to 10 per cent. 

Conclusions as to the effectiveness of this method of 
cooling cannot be made until January or February. After 
about four wecks of ventilation all of the bins have cool 


grain at the upper surface at the center. Some which have 
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high-temperature grain and insects down below have shown 
some tendency to caking at the surface near the outer walls. 
Some of the bins had grain temperatures of 90 to 100 F 
during late summer. Temperature records will be taken and 
samples for grain quality and moisture readings. 

The cost of making the installation including fans, pipes, 
connections, installation and wiring for electricity is esti- 
mated to be between $50 and $75 per bin. 

x * * 

Since the foregoing report was presented in December, 
observations have continued. The temperatures in the 18-ft 
bins, both ventilated and unventilated, reached 30 to 40 F. 
In the 30-ft bins temperatures near the floor reached 40 to 
50 F in both ventilated and unventilated bins. 

The effect of the ventilation is probably best illustrated 
by the records of grain moisture at the upper surface of the 
grain at the center of the bin. Table 1 shows the moisture 
content of samples taken from the bins at this point. The mi- 
gration of moisture has been reduced substantially. 

Other moisture samples were taken, and in the 18-ft 
bins with fan ventilation the entire surface was about like 


oe 


ain - af, 
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TABLE 1. AVERAGE MOISTURE CONTENT OF CORN FROM 
TOP FOOT OF GRAIN AT CENTER OF BINS WITH AND 
WITHOUT VENTILATION 


30-ft round bins 
Non- Fan- 


18-ft round bins 
Non- Fan- 


ventilated ventilated ventilated ventilated 
Feb. 1, 1953 17.1(10) 14.0(21) 19.2(4) 14.3(5) 
March 15, 1953 = 22.0(10) 14.4(22) 18.8(4) 15.1(5) 


Note: The numbers in parentheses are numbers of bins contribut- 
ing to the average moistures shown. 


the center of the bin. In the 30-ft bins, however, some of 
the ventilated ones had areas of caked and high-moisture 
corn midway between the center and the walls. From these 
observations it appears that 50 to 100 cfm of ventilation in 
a 3200-bu 18-ft-diameter bin is adequate for the purpose. 
This rate of ventilation in the 10,000-bu 30-ft-diameter bins 
did not prevent all moisture migration to the surface. While 
the tests did not include a complete range of air volumes 
for selecting the optimum, it is estimated that 150 to 200 
cfm of continuous ventilation through the fall and early 
winter would be a desirable rate for practical operation 
in the 10,000-bu bins. 


New Frontiers for Agricultural Engineers 
(Continued from page 455) 


who is a graduate mechanic in the U.S. Air Force, is engaged 
in the design of complicated equipment which tests the abil- 
ity of cadets to respond to supersonic speeds and to shoot 
correctly at planes diving at all angles. Many are eliminated 
at the start to pursue less speedy occupations. 

One of our new frontiers will be the design of safer 
machines with which accidents will be practically eliminated. 

Human engineering has already gone a considerable 
way. Many of the larger companies are actively investigating 
its possibilities for reducing accidents and improving worker 
efficiency. Studies are being made to improve voice com- 
munication, and explorations are being made as to the 
natural way in which the human body interprets dial read- 
ings and then reacts to move controls to accomplish a desired 
result. Studies of military aeroplanes have shown that many 
cases of pilot error resulted from the placing of controls 
near together so that the wrong one could easily be activated. 
It has been shown that all controls should suggest the 
desired actions. If it’s wheels down, the control lever should 
go in a down direction. All toggle switches should be up 
for an “‘on’’ and down for an ‘“‘off.’’ Altimeters should show 
only a portion of the dial with the readings in figures which 
cannot be mistaken. 

The job of the human engineer will be twofold: fitting 
man to the machine and the machine to the man. The 
automatic machines which are coming into being with each 
day open up a host of new problems. Just what role will 
man play in the complex michine system? Will he become 
just a monitor? Should he be used as an integrator of 
sensing mechanisms? Will we in the future have mechan- 
isms capable of giving the right administrative decision 
when fed all the known facts on a tape? I am sure I do not 
know and would not like to say that such will be an im- 
possibility. One thing is sure, psychology has definitely 
entered the engineering field and the agricultural engineer 
of the future will need a working knowledge of it. Machines 


of the future will be made to operate more automatically. 
Automatic pilots will help the outclassed human body to 
eliminate errors in judgment and operation, just as radar 
helps the jet pilot to aim his machine guns at speeds ex- 
ceeding 1,000 fps. 

We have already entered the automatic age in machine 
design in many fields. Two weeks ago an atomic explosion 
was detonated in Yucca Flats, Nevada, but human hands did 
not pull a trigger. A vastly complicated device correlated 
the many things which had to be timed to a split second. 
Hundreds of electrical relays clicked away as rockets were 
fired, camera shutters were opened and closed in a succession 
of photographs, heat and radio activity were measured and a 
vast number of other scientific data gathered without human 
touch. Our complicated system of street signal lights in 
Denver are operated by an electric brain which cost $30,000. 
It measures the traffic flow at all times of the day and regu- 
lates the lights by means of electric eyes. If east and west 
traffic is heavy, the lights are on a longer green signal in 
that direction. It can even measure the pedestrian traffic and 
give them a longer walk light if needed. 

It is well to keep in mind the fact that our wonderful 
machines do not design themselves. Our new computers 
may do the work of a hundred mathematicians, but they can 
only do what the mind of man feeds into them. 


The tale is told of an official of the patent office who 
wanted to resign many years ago because he said that about 
everything worth inventing had been invented. How ri- 
ditulous this seems today, and yet we are probably as far 
from the ultimate goal today as we were at that time. Each 
new discovery brings new horizons and new frontiers into 
view. Never in the history of mankind has there been more 
opportunities for a young man with vision. There is no end 
to the road of discovery. Man’s final destination is deter- 
mined only by his imagination and a will to make his dreams 
come true. 
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Comparison of Two Methods of Estimating 
Consumptive Use of Water 


Byron R. Tomlinson 
MEMBER ASAE 


NE of the most important factors to be considered is at an elevation of 7100 ft. The climate is severe in winter, 
by irrigation engincers attempting to allocate ir- witha good snow cover generally present. Summer tempera- 
rigation water to a given arca is the consumptive — tures reach 90 F, but frosts frequently occur at night in 

irrigation water requirements of the crops to be grown in every month. 

the area. The total amount of water required at the farm Lowry-Johnson Method. The length of the growing 
headgate is the consumptive irrigation requirement plus season as defined by the Lowry-Johnson method was ob- 
reasonable and necessary losses incident to conveying and _ tained by using mean daily temperatures and plotting them 
applying the water to the land. as five-day moving averages (Fig. 1). The ends of the 

After determining the amount of irrigation water re- growing season are thus defined by the dates between 
quired at the farm turnout, it is a simple matter to sum up — which the smoothed temperatures remain above 32 F. This 
the number of farms being served by any one canal, increase method indicates a 92-day growing season for the Pinedale, 
this sum by the losses expected from the canal, and from Wyoming, area during 1951. The calculation of day-degrees 
these values design the size of canal which will carry the re- Fahrenheit for this growing season, using maximum tem- 
quired irrigation water for the area. peratures, is as follows: 

Several methods are currently being used to obtain this 
consumptive-use estimate in the design of irrigation projects. 
Two of the most commonly used procedures for making 
these estimates are the Lowry-Johnson method and the 
Blaney-Criddle method. 

During the 1951 season, the author made some detailed 
studies on consumptive use of water in the Pinedale area of 
the Green River Basin of Wyoming. This paper is a com- 
parison of the accuracy of the above two procedures as com- 


: , By using the graph shown in Fig. 2 and an “effective 
pared with the actual measurements made during the grow- x eras, Bray 8 sie — 
See heat” of 4.294, the total amount of water required for na 
ing season. 


tive hay production becomes 1.51 acre-feet per acre or ap- 
proximately 18 acre-inches per acre. 


Calculation of day-degrees 
June 12-30 848 F 
July 1-31 (48.0 x 31) 1488 
August 1-31 (46.9 x 31) 1454 
Sept. 1-11 504 


4294 


or ‘effective heat” of 4.294 


Although the methods of estimating consumptive use 
are based on the normal year, a comparison of the factors ; 
seveals little difference between the 1951 season and the Blaney-Criddle Method. The Blaney-Criddle method is 
normal year. Therefore, it is assumed that the 1951 season based on the following three major assumptions: 
is a normal year. 1 Consumptive-use varies directly with the average 

In order that the reader may have some idea of the temperature, the available sunlight hours, and for the long: 
methods used, the important considerations as they apply to CT 8rowing crops, with the growing season. 
the Green River Area are presented here. The area studied 2 All annual crops are usually planted at the beginning 


of the frost-free period. (In the Pinedale area, the native 

This paper was prepared expressly for AGRICULTURAL ENGI- hay meadows probably beg rrowing earlier tl | 

NEERING. Published with the approval of the Director of the 7 ; — ,—— eens aa ee see 
Wyoming Agricultural Experiment Station as Journal Paper No. 38. Crops because no planting Is necessary. ) 


The author - -Byron R. TOMLINSON is irrigation engineer, 3 Normal precipitation during the growing season 1s be 
division of soil management (irrigated and dry land regions) : 


(BPISAE), U.S. Department of Agriculture; cooperating irrigation lieved to be consumptively used by the crops; it decreases 
engineer, Wyoming Agricultural Experiment Station. 
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~- DOTTED WINE RELATES THE EFFECTIVE HEAT 

G SEASON JUNE I2 TO SEPTEMBER 12 WATER REQUIREMENT FOR CROP PRODUCTION 
' i ; i | PINEDALE, WYO AREA 

| | | 


+ + + + 


MAXIMUM TEMPERATURE - DEGREES FAHRENHEIT 
ACRE-FEET OF WATER 


° » 


5 9 20 
JUNE SEPTEMBER 
Fig. 1 Determination of the growing season by the Lowry-Johnson — Fig. 2. The relationshi 


between the effective heat and water use. 
method for the 1951 season 


(Data from Lowry-Johnson method ) 
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the irrigation requirements by the amount of precipitation. 
(This may be contrary to conditions found in southwestern 
United States, but a rainstorm in Wyoming, regardless of 
how small, usually 1s accompanied by considerable cloudi- 
ness, during which the decrease in plant transpiration tends 
to compensate for water losses as evaporation from the 
moistened soil surface, or as surface runoff. ) 

The following data, obtained from U.S. Weather Bur- 
cau records is used to calculate the consumptive-use : 


TABLE 1. DATA FROM THE UPPER GREEN RIVER BASIN 
Elevation, 7180 ft. Length of growing season, June 23—August 24, 
62 days*. Latitude, 42°52'N. Average at Pinedale, Wyoming 

ty pi fs r 

Month deg F percent in 
June 52.8 10.28 5.43 1.16 
July 60.3 10.41 6.27 1.02 
August 57.4 9.65 5.54 1.05 


*US. Department of Agriculture Yearbook, 1941 


{¢- Mean monthly temperature as recorded in the U.S. Weather 
Bureau's annual summary—-1948. Average of 31 years of record 


tp Percent of daytime hours of year for each month determined 
from Sunshine Tables, edition of 1905, U.S. Weather Bureau Bul- 
letin No. 805. 


$f Consumptive use factor (4% p)/100. 


r Mean monthly precipitation as recorded in the U.S. Weather 
Bureau's annual summary—1948. Average of 34 years of record. 


Using the data presented in Table 1, the following 
were calculated for the crop season at Pinedale, Wyo., dur- 
ing LOSL: 


Month f r, in 
June (23-30) 1.26 0.27 
July 6.27 1.02 
August (1-24) 4.28 0.81 

11.81 2.10 


The formula used by Blaney-Criddle for calculating con- 
sumptive-use is U=KF, when consumptive-use, K 
consumptive-use coefficient, and / =consumptive-use factor. 
The consumptive-use coetticient K for the more important 
irrigated crops is determined by comparison with areas in the 
West. For native meadow hay, which is the principal crop in 
the Pinedale area of Green River Basin, the consumptive-use 
coethicient has been designated by Blainey and Criddle as 0.75. 

If we multiply 11.81 by 0.75, a consumptive-use water 
requirement of approximately 8.9 in 1s obtained. If we 
subtract the 2.1 in of rainfall from the 8.9, a result of 6.8 in 
is obtained. This is the amount to be applied to the soil by 
irrigation water for crop production. 

Data in Table 2 were obtained from 
culture’ for 1951 for the Pinedale Area. 


“Wyoming Agri- 


TABLE 2. FROST DATA AND LENGTH OF GROWING 
SEASON 
Frost data Growing season 
Average date Latest date Earliest date 
Last killing First killing of killing frost of killing frost Average 
in spring in fall in spring in fall length, days 
June 23 Aug. 27 July 14 July 41 65 


The above table is presented to show the exact growing 
season for comparison with the normal which is 62 days. 

Actual Measurement. The best yield data available for 
comparison with the calculated consumptive-use values is 
the yield 1950 which was 0.88 tons per acre for the 
Pinedale arca. For the comparison used in this paper, it is 
assumed that an average yield for the Pinedale area is 0.90 
tons per acre. 


iN TONS OF NATIVE HAY 


YIELO 


: i 
ACRE-INCHES OF WATER/ACRE 
Fig. 3. Total amount of water to produce a given yield in 
the Pinedale area during 1951 


Fig. 3 shows the total amount of water required to pro- 
duce a given yield of native meadow hay in the Pinedale 
arca. This curve is a summary of surface measurements 
and soil moisture determinations taken on native vegetation 
in the Pinedale area during the 1951 growing season. The 
yields shown on this figure were increased above the aver- 
age for the area by using commercial fertilizers and im- 
proved water control. Deep percolation losses were elimi- 
nated by including only the water extracted in the root zone 
to arrive at the consumptive-use. The rainfall during the 
growing season was 1.8 in and this value is reflected in the 
consumptive-use curve. 

The hay yields used in Fig. 3 were obtained on an oven- 
dry basis and then converted to hay at 12 per cent moisture. 
By using Fig. 3 to obtain the total amount of water used to 
produce a yield of 0.9 tons, a value of 8.4 acre-inches per 
acre is obtained. 

Comparisons. Calculations by the Lowry-Johnson method 
show an annual consumptive use of 18 in. This is greater 
than twice the amount of consumptive use of water that was 
actually required during the growing season. This method 
also allows for a 92-day growing season which is approxi- 
mately 50 per cent greater than the mean annual growing 
season of 62 days or the 1951 growing season of 65 days as 
used by the Blaney-Criddle method. 


Calculations by the Blaney-Criddle method give a water 
requirement of 8.9 in for the growing season. By compar- 
ing the 8.9 in with the measured of 8.4, it is seen that the 
computed amount was only 0.5 in greater than the measured. 
However, since the conyputed is slightly above the measured, 
this method provides a small factor of safety. It is very 
close when all the factors are considered. If the average 
yield were 1.0 ton per acre, the measured amount and that 
computed by the Blaney-Criddle method would have been in 
exact agreement. However, the water use figure of 8.9 in 
as calculated by the Blaney-Criddle method is only 6 per 
cent greater than the measured amount of 8.4 in. 

(Continued on page 464) 
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Corn Shelling with a Combine Cylinder 


D. F. Hopkins and Geo. E. Pickard 


ASSOC. MEMBER ASAE 


HE mechanical corn picker has been a boon to Amer- 

ican agriculture, but it has had its day and should give 

way to better methods of harvesting. The picker looses 
more of the crop than does the combine, and it is responsible 
for four times as many accidents. 

The main reason for the greater efficiency of the com- 
bine appears to be that it takes the whole plant inside the 
machine where it processes it. Corn should be harvested in 
a similar manner. Thus one of the reasons for the study 
reported in this paper on adapting the combine for har- 
vesting corn was to take advantage of the combine’s basically 
cthicient principles. Other reasons were to take advantage 
of the combine’s safety features and to reduce the farmer's 
investment in machinery. 

The immediate objectives of this study were (1) to 
determine whether the combine cylinder and concave can 
be made to shell corn satisfactorily at normal moisture 
levels, (2) to determine concave and cylinder design and 
the best range of adjustments for shelling, and (3) to form 
some idea of the forces to be expected as compared to those 
encountered in the threshing of small grains. 

It is believed that shelling is the crux of the corn- 
combining problem. It should not be too difficult to feed 
the cornstalks into the machine and separation should not 
present any particular problem, but if the combine cylinder 
cannot be made to husk and shell properly, then we shall 
have to think in terms of a new corn-harvesting machine. 


EXPERIMENTAL SETUP AND PROCEDURI 
The first experiments in shelling were made in the 
laboratory in order to have a longer test season and to permit 
a wide range of concave adjustments. As shown in Figs. 
1 and 2, a rasp-bar cylinder and a concave were set up in a 
box in such a way as to permit variable concave opening 
front and rear. A variable-speed drive was used. 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Il., December, 1952, 
as a contribution of the Power and Machinery Division. 

The authors — D. F. Hopkins and Geo. E. PickKarp — are, re- 
spectively, research assistant and professor, agricultural engineering 
department, University of Illinois. 


MEMBER ASAE 


After two scasons of shelling experiments the concave 
mounting was altered as shown to permit study of the forces 
involved in shelling. One end of the concave was left free 
to swing on one loose bolt. The opposite end, at which the 
corn was fed in, was supported by two parallelogram link 
ages as shown in Fig. 2. The horizontal and vertical forces 
are carried by the cantilever beams which are fitted with 
SR-4 strain gages. Resultant peak forces were calculated by 
combining the horizontal and vertical components taken 
from the Brush recording oscillograph. 


For each shelling test, twelve stalks were fed in tassels 
first and one by one. For the studies of the forces on the 
concave, groups of three plants were fed in, at 40-in inter- 
vals, by a conveyor with a speed of 2 mph in order to 
simulate field feeding conditions. 


A high-speed moving picture camera and a still camera 
with ‘2000 sec strobe-light exposure were used to study the 
mechanics of husking and shelling. Fig. 3 shows a previ- 
ously husked ear being shelled. Five blows of a cylinder bar 
or approximately 445 sec is about par for the shelling job. 


Slow-motion pictures (64 frames per second) show 
that the ear 1s easily and rapidly husked when it approaches 
the cylinder shank-first. For this reason there is some 
advantage in having the corn plants approach the cylinder 
tassels-first, since at harvest time the ears are generally 
pendant. However, it is highly desirable to be able to han- 
dle the crop in any position, particularly if an auger-type 
combine is being used, and the manner of approach of the 
ears appears to have little importance. 

The following results are from 152 shelling tests made 
in three seasons’ harvest and 40 tests of forces on the concave. 


SHELLING EFFICIENCY AND KERNEL DAMAGI 


Cylinder Design. The regular six-bar cylinder did not 
give satisfactory results. Corn was left on the cob, appa 
rently by being carried through between adjacent cylinder 
bars, and thereby escaped contact with the concave. Two 
remedies were used: (1) Extra cylinder bars were mounted 
between the regular ones; (2) filler plates were mounted 


Fig. 1 (Left) Cylinder and feeder arrangement for laboratory experiments in shelling corn @ Fig. 2 (Right) Concave mounted to measure 
horizontal and vertical forces 
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Fig.3 This picture shows corn shelling action. Cylinder speed, 
600 rpm. Exposure, 999 sec with strobe light 


between the cylinder bars to keep the ears in contact with 
the concave. Figs. 8 and 10 show that the 12-bar cylinder 
gave the lowest shelling losses while Figs. 7 and 9 indicate 
that the 6-bar cylinder with filler plates damaged the corn less. 

Concave Screen Openings. The largest standard open- 
ings for this concave were 4 by %4-in. A new screen was 
made with %-in round holes. This screen doubled the 
amount of corn falling through the concave (to 60 percent ) 
but had no measurable effect on kernel damage. 

Number of Concave Bars. When the number of con- 
cave bars was increased, trouble was experienced in feeding. 
It became more difficult to get the corn stalks to go around 
the curve. It appears that the number of concave bars 
should be kept to a minimum consistent with acceptable 
shelling. 

Angle of Approach to the Cylinder. It was found that 


for best feeding the line of the feed apron should be as 


UNSHELLED CORN (%) 


CYLINDER SPEED (rpm 
Fig. 5 Effect of concave adjustment on shelling losses 
(12-bar cylinder) 
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Fig. 7 Effect of concave clearance on kernel damage 
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Fig.4 Diagram of concave adjustment 


nearly tangential to the cylinder as possible. The angle of 
approach appeared to have no effect on shelling efficiency. 

Effect of Concave Clearance and Cylinder Speed on 
Shelling Efficiency and Kernel Damage. Fig. 4 shows 
diagrammatically the type of concave adjustment that was 
used for most tests. It was found early that the wedging 
or funneling effect provided by the large opening at the 
front of the concave was a great help in getting the cars and 
stalks to move through. There was also less breakage of 
the cobs. As a general rule, throughout these tests less corn 
was lost if the cobs were not split, since split pieces were 
small enough to slide through with the kernels still attached. 
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Fig.6 Effect of concave adjustment on shelling losses 
(6-bar cylinder with fillers) 
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Fig. 8 Effect of cylinder speed on corn losses (average of all tests) 
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Fig.9 Effect of cylinder speed on kernel damage 
(average of all tests) 


Fig. 5 shows the effect on shelling losses when a 12-bar 
cylinder is operated with different concave clearance (meas- 
ured at the rear) and at various speeds. As would be 
expected, shelling losses decrease with higher speeds and 
with smaller clearances. At higher speeds none of the con- 
cave adjustments caused excessive shelling losses. However, 
it was difficult to get the cylinder to take the stalks rapidly 
enough at openings of 0.5 in and less. In addition, the stalk 
was chewed up considerably and this would tend to cause 
trouble with plant sap in the machine. 

Results of varying speeds and clearances were about the 
same when a cylinder with fillers was used as when a 12-bar 
cylinder was used (Fig. 6). 

While shelling efficiency at any given speed falls off as 
the concave is opened, kernel damage is almost constant 
throughout the range from 4 to % in, as shown by Fig. 7. 
Apparently most of the damage occurs in shelling the corn 
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from the cob rather than in passing it through after shelling. 
Less damage results from the use of the fillers. 

Fig. 8 shows again the effect of speed on shelling 
efficiency and indicates that the 12-bar cylinder shells more 
effectively than the regular cylinder with the filler plates. 
These are averages of all clearances and moisture conditions 
and therefore do not indicate the best shelling job that can 
be done, even though some losses drop to as low as 0.5 
percent. 

It is interesting to note in Fig. 9 that kernel damage is 
almost constant for speeds up to 800 rpm, after which it rises 
rather rapidly. Again because these are averages of all tests 
they are higher than can be achieved with the “'best’’ settings. 

Effect of Kernel Moisture on Shelling and Damage. Fig. 
10 shows the relation between kernel moisture and shelling 
efficiency. For comparison, tests figures* for a picker-sheller 
are given. The combine cylinder appears to be less sensitive 
to high kernel moisture than the picker-sheller, and shelling 
losses compare favorably. 


*From a paper, entitled “Results of Performance Tests of a 
Picker-Sheller,” by D. E. Burrough and R. P. Harbage, Purdue 
University, presented at the winter meeting of the American Society 
of Agricultural Engineers, December, 1951. 
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Fig. 11 indicates that the combine cylinder and concave, 
as tested, results in higher kernel damage than the picker- 
sheller and in this respect is just as sensitive to high moisture. 

It seems that this is an area for some intensive study with 
other cylinder and concave designs. High-speed moving 
pictures reveal that the first concave bar seriously interferes 
with the movement of the ears into the cylinder. Studies 
will be made with rasp and other types of concave bars in an 
attempt to remedy this situation and to reduce the amount 
of kernel damage 

Force Studies. As indicated earlier, for the studies of 
the forces on the concave, plants were fed in groups of 
three, spaced to represent normal feeding of checkrowed 
corn. Some “slug” tests were made by dumping ten stalks 
onto the feed table in one pile. However, the cylinder 
appeared to meter its feeding so effectively that the “slug” 
forces were smaller than those with regular feeding. These 
tests in 1952 were all made on the cylinder with filler plates. 


DETERMINING FORCES ON CONCAVE 


Baled straw and soybean hay were used in an attempt to 
get some idea of the forces on the concave when combining 
small grains and beans. The oat straw was too dry to give 
any results, but the soybean hay provided sufficient load to 
slug the cylinder down and throw the drive belt, as hap- 
pened in two or three cases with corn. Peak forces on the 
concave were somewhat lower than those for corn — about 
323 Ib compared to about 400 lb. However, it will be nec- 
essary to run these tests with soybeans fresh from the field 
to form an accurate comparison, 

Fig. 12 shows the effect of cylinder speed on the forces 
on the concave. The larger forces appear to occur at lower 
speeds, although speed does not greatly affect the severity 
of the forces on the concave. Note that average peak and 
maximum peak forces are shown. The averages are from 
three or more tests in which from four to six peak forces 
were measured. 

The effect of concave clearance on peak forces is shown 
in Fig. 13. As would be expected, the forces fall off as the 
opening is increased, so it is to our interest to use the 
largest possible opening consistent with satisfactory shelling. 

Unfortunately the equipment for measuring forces was 
not available in time to study the effects of kernel moisture 
on shelling forces. However, comparisons at 14 and 18 
percent moisture were made and are shown in Fig. 14. It 
will be noted that at these low-moisture levels there is no 
appreciable difference in the forces. 


CONCLUSIONS 


1 Both shelling and force measurements indicate that 
the combine could conceivably harvest corn and with a high 
degree of efhciency. 

2 To get best results, it is necessary to double the num- 
ber of cylinder bars or add filler plates between the regular 
bars. 

3 The number of concave bars should be kept to a 
minimum consistent with good shelling in order to provide 
the least possible hindrance to passage of the cornstalks. 

4 Optimum cylinder speed will probably fall between 
600 and 800 rpm (2360 and 3140 fpm peripheral speed). 

5 The concave-to-cylinder clearance at the front should 
be from ¥g to '2 in greater than at the rear. 
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6 A clearance between 2 and ¥% in at the rear of the 
concave apears to give best results. Cobs are seldom broken, 
power consumption is low and shelling is most efficient. 

7 The percentage of unshelled corn with optimum 
adjustment depends upon cob and kernel moisture. A 
spongy cob splits easily, and then shelling is difficult. Spray 
application of chemicals to speed up drying of the corn 
plant promises to be a considerable help. 

8 The percentage of unshelled corn compares favor- 
ably with that of the picker-sheller. 

9 Damage to the corn kernels is higher with the com- 
bine than the picker-sheller, but with best adjustments at 
moisture levels of 22 percent and below, cracked and dam- 
aged kernels should fall within the allowance for No. 2 
corn. Further study on cylinder and concave design ts 
essential. 

10 The maximum forces on the concave appear to be 
only slightly higher when harvesting corn than when 
harvesting small grains. However, cach group of ears 
causes forces higher than the steadier loads in threshing 
small grains. For this reason some strengthening of the 
cylinder and concave with their mountings will probably 
be necessary. 

11 As expected, forces on the concave diminish as the 
clearance is increased. 

This work has opened up many lines for future study in 
shelling, and of course this will include correlation of these 
laboratory results with actual combining in the field. It is 
felt that these results justify intensive experiments in the 
next problem of getting the corn into the machine. 


Consumptive Use of Water 
(Continued from page 460) 


GENERAL CONCLUSIONS 


Consumptive use computed by the Blaney-Criddle 
method checks very closely the measured amount of water 
necessary to produce an average yield of native hay in the 
Pinedale area of Wyoming. 

Using the Lowry-Johnson method, an annual consump- 
tive-use value of approximately twice the measured seasonal 
use was obtained. 

The amount of water necessary to produce a given yield 
in the Pinedale area is not directly proportional to the 
yield. As shown in Fig. 3, the relationship appears to be 
logarithmic. Over the water use range studied, each addi- 
tional inch of water used gave progressively larger increases 
in hay yield. 
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OLTED assemblies are performing better every day, 
because engineers are becoming more interested in 
the selection of bolts. Too often in the past, fasteners 

were considered commonplace and were specified as a mat- 

ter of course or from rule of thumb. Now they are being 
given some thought. 

What are the steps to take in selecting a fastener? First, 
determine the load conditions and the amount of stress that 
it will have to stand. Second, determine whether or not the 
joint is a rigid one. Then decide whether it is more im- 
portant to have the bolt in straight tension or to have it 
overcome shear. Next comes the selection of the grade of 
bolt, diameter, and number to be used. The style is more 
or less dictated by the character of the machine. 

The load may be either the pull of a tractor, the force of 
an engine, the weight of a moving load, or the pressure of 
a fluid or gas. This force is transmitted from part to part 
and must be carried by the fasteners. The joints between 
these parts are usually rigid in nature or may be considered 
so. While no metal is incompressible, in materials having 
a modulus of 15 million or over it affects the bolt so slightly 
that for practical purposes it may be neglected. When the 
joint is rigid, the bolt should have a capacity slightly greater 
than the calculated load. 

If the joint is not rigid, as in the case of gasket joints or 
pliable materials, the bolt must be capable of withstanding 
the load of keeping the joint tight plus any applied load. 
If it is cyclic in nature, the load limit must be within the 
endurance limit of the bolt. These loads are direct pulls or 
tension loads. 

It is often believed that to overcome shear loads the bolt 
must fill the hole. This is not correct. To design a bolted 
joint for shear, the bolt should be stressed in tension to 
resist the motion of the parts. This would prevent the bolt 
from coming into bearing. In other words, clamping the 
parts firmly enough prevents slippage and application of 
shear loads on the bolt. If parts do come into bearing, forces 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December, 1952, 
as a contribution of the Power and Machinery Division. 
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Fig. 1 This drawing shows the forces acting on a bolted connection 


Strength and Trends of Bolted Assemblies 
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will be built up that will cause failure of the joint. Because 
of these forces, design should avoid bolts in excessive bear 
ing unless shear failure is to be provided as a safety measure 

The principal function of a fastener is to clamp com- 
ponent parts together. The clamping force or tension in the 
bolt is accomplished by wrenching either the head or the 
nut. During the wrenching operation, the bolt is subjected 
to several stresses probably more severe than it will ever get 
again. There is torsion caused by the drag of the nut and 
bolt threads. There is tension also, and because it ts almost 
impossible to get two bearing surfaces parallel, there ts 
bending. This makes up a combined stress which will cause 
failure of the bolt before it reaches its ultimate breaking 
value measured under static tension loads, as measured in a 
testing machine. A bolt must have some ductility in order 
to adjust itself to the load-carrying conditions without frac- 
ture. Once the wrench is removed and the bolt has ad- 
justed itself, the only load it will have to withstand ts 
straight tension, if it is properly tightened. Fortunately, the 
stresses produced while torquing up do not cause any harm, 
providing they are released before the bolt is stressed too 
much beyond its yield strength for rigid joints and load 
limit for compressible joints. 

The term “properly tightened” expresses the secret of 
satisfactory joints. Bolts must be properly prestressed to 
insure satisfactory joints, to resist failure and to stay tight. In 
the case of rigid materials, the external loads do not seri- 
ously affect the bolt load, providing they are not in excess 
of the initial load on the bolt. Fig. 1 shows how these loads 
react. The forces T are acting to separate the two pieces of 
steel. These are overcome by the tension force P in the bolt. 
Providing P ts greater than T there is no chance of the joint 
separating, and the loads do not affect the bolt load. If, on 
the other hand, the bolt was not sufficiently tightened, so 
that 7 exceeded P, a load would have to be added to P, and 
the sum might exceed the tensile strength of the bolt. Sup 
pose the load T were cyclic in nature. If the bolt tension P 
were in excess of 7, again there would be little effect on the 
bolt and the life of the bolt would be indefinite. If 7 was 
larger than P, then the bolt would be subjected to varying 
loads and would have to have an endurance limit capable 
of withstanding this condition 

A non-rigid gasket joint is shown in Fig. 2, and in this 
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Fig. 2 This sketch shows a non-rigid gasket joint 
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case the interjection of a soft compressible material changes 
the picture completely. If there is an external load, usually 
from pressure within, the force T must be added to the ten- 
sion P to determine bolt load. This might be the condition 
found in a steam chest, for instance, where the bolt must be 
strong enough to withstand the tension P which maintains 
gasket compression as well as the force T which ts the oper- 
ating force. Often this load will fluctuate, but unless the 
fluctuation is rapid, it will not cause fatigue failure. 

It is quite apparent that in both cases care should be 
exercised in wrenching up. In the first case the bolt should 
be prestressed to its yield strength, while in the second it 
should only be tightened sufficiently to prevent leakage. The 
balance of strength should be used to overcome added loads. 

Proper tightening is so important that it cannot be over- 
looked. In rigid joints, if the preload is greater than the 
applied load, the fatigue life of the bolt will become infinite. 
Preloading is beneficial in providing the necessary bolt load- 
ing to prevent unscrewing or loosening. Excessive amplitude 
of stress change in a bolt has a tendency to cause the nut to 
loosen. The only way to keep a nut on a bolt, if the mate- 
rials are rigid, is by proper tightening. 

This preload must be maintained throughout the life of 
the joint. Several things can dissipate this load, such as poor 
quality surfaces, burrs, rough casting surfaces, paint, foreign 
matter, brinelling, crushing, or anything which tends to 
shorten the grip length between the head of the bolt and 
the nut. 

We have seen more joints become loose or fail because 
of careless wrenching than any other single factor. About 
90 percent of the torque effort in tightening a nut is used to 
overcome friction (Table 1). This friction factor is so 
easily changed that it is hard to predict just how much 
torque is necessary to tighten up a bolt. It is known that the 
torque coefficient times the nominal diameter times the bolt 
tension gives the torque necessary, and it has been deter- 
mined that under normal conditions the coefficient is 0.2 
which provides an easy empirical formula of torque in inch- 
pounds as equal to 0.2 times bolt diameter times bolt load. 
But what are normal conditions? One way to find out ts to 
set up a pilot assembly duplicating the conditions of the 
joint and try it out. It is easy to determine how much torque 
breaks the bolt and set a tightening torque of, say, 70 per- 
cent of that. 

Mechanical or power wrenches properly handled are 
very satisfactory and should be used whenever possible. If 
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Fig. 3 Comparative holding power of heat-treated and non-heat- 
treated fasteners 
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they have throwout clutches these should be watched and 
checked frequently. If they are of the impact type, they 
should be of the proper size and the operator should be 
skilled. We have observed some wonderful results from 
all these wrenches, but they must be properly maintained 
and used. It is worth the trouble and expense in imple- 
ment performance. 

In the selection of grade of bolts, it is suggested that the 
engineer rely on up-to-date handbooks or manuals. The 
American Society of Testing Materials has established sev- 
eral grades for bolts which are standard and commonly used. 
The Society of Automotive Engineers has done the same. 
These grades satisfy practically all requirements and make 
it impracticable to specify special non-standard items. 

Common fasteners are made of low-carbon steel, usually 
SAE 1018. Such steels do not react to heat-treatment and, 
therefore, can be classed as having approximately 55,000 psi 
tensile strength. Some are in excess of this because of various 
degrees of cold working, but unless details of strength and 
load are accurately known, a higher figure cannot safely be 
used as a basis for design (Fable 2). 

The next grade is the 1038 heat-treated product. The 
properties are covered by ASTM 325 and SAE grade 5. We 
think of it as having 125,000 psi tensile strength, but the 
sizes above % in are slightly below this figure. This is be- 
coming the popular grade of fastener. As yet it is made as 
a stock item only in hex-head capscrews, but it is being 
ordered as specials in other types of bolts. 

There are some bolts being produced from alloy steels 
to tensile strengths of 150,000 psi, covered by SAE grade 
7 and 8. They are expensive products, and unless there is 
some very special engineering reason to offset the cost, they 
should not be specified. 

The common grade of bolt gives the most pieces per 
dollar. Where the problem is to fill holes on cover plates, 
this grade is appropriate. It is a good product and readily 
available in a variety of sizes and types. 

In terms of tensile strength more value per dollar is 
provided in the 1038 grade. It is a very satisfactory fastener 
because it has been heat-treated and the properties are con- 
trolled. There is really no intermediate between these two 
grades, although as stated some particular screw may show 


TABLE 1. TORQUE COEFFICIENTS 
Torque coefficients—-R 
Measured (average) 
Bolt size Theoretical* High-point torque Mid-point torque 
Y-20 0.210 0.243 0.267 
4-28 0.205 0.216 0.231 
“6-18 0.210 0.206 0.186 
6-24 0.205 0.194 0.183 
¥g-16 0.204 0.200 0.247 
¥yu-24 0.198 0.192 0.234 
M46-14 0.205 0.217 0.224 
746-20 0.200 0.194 0.190 
VYy—13 0.201 0.205 0.158 
VY,~20 0.195 0.167 0.205 
%e-12 0.198 0.194 0.214 
6-18 0.193 0.196 0.207 
Ye-11 0.199 0.178 0.196 
Yg-18 0.193 0.183 0.175 
¥,-10 0.194 0.169 0.172 
¥4-16 0.189 0.170 0.180 
72-9 0.194 0.181 0.194 
%e-14 0.189 0.171 0.178 
1-8 0.193 0.188 0.204 
1-14 0.188 0.161 0.167 
Average 0.198 0.191 0.201 


*Computed with coefficient of friction of 0.15 and the dimensions of 
American Standard regular nuts. 
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TABLE 2. 
Machine bolt 
ASTM Spec. A-307 
Minimum Minimum breaking load, Ibs Minimum 
Diam,, in tensile strength, psi (coarse thread) tensile strength, psi 

yy, 55,000 1,740 68,000 
46 . 2,870 
¥e i 4,250 
he 5 5,830 
yy e 7,290 
6 64,000 
Ye iz 12,410 ig 
Vs i 18,370 
% 25,370 


33,280 


up better in a tension test because of cold working. This 
grade is worth its cost only if the bolt is going to be properly 
tightened. There is no need of buying holding power if it ts 
not going to be properly used. 

One exception to this might be worth mentioning, how- 
ever. There is an insurance in putting in a heat-treated 
product, especially if the joint is going to be assembled in 
the field. Soft or non-heat-treated screws are easy to over- 
torque, whereas the 1038 heat-treated grade can be set up 
without fear of stretching the bolt. There are also the sav- 
ings in smaller holes, lighter parts, fewer number of fasten- 
ers, and other features which can make this grade economical 
(see Fig. 3). 

I see little use, if any, for specifying grades 7 or 8 unless 
there is an extreme temperature problem or some unusual 
circumstances. If it is used, it must be tightened :to its yield 
strength at least. The surface under the head of the bolt will 
have to be capable of supporting the load. A high-tensile- 
strength bolt adds nothing to a joint unless its strength 
is used. 

With the grade decided, working values are known, and 
it is simple to decide the diameter and quantity needed to 
carry the total load. Such factors as clearance, number of 
holes and thickness of metal, are guides in this selection. 
The tendency seems to be toward more smaller bolts, al- 
though that can be overdone. 

As to style of bolt, standard items are again most eco- 
nomical. Where the demand is sufficient, new requirements 
will be covered in revised standards, but the demand must 
be great. Ours is a high production industry producing in 
quantities far in excess of the needs of any one customer. 
The economy is in producing for many and not for a few. 

Threads greatly affect the strength and cost of fasteners. 
There seems to be very little excuse for more than one thread 
series. After all, the thread is only a means of reducing the 
distance between the head and the nut in order to set up a 
clamping force. While it might be possible to design a new 
series based on what we know today, it is doubtful that it 
would be worth it. Let us take the two we have, select the 
better one and use it. 

In a comparison of coarse and fine threads on an assem. 
bly of a bolt and a nut made up to the same physical pro- 
perties and dimensions, the bolt with coarse threads will 
carry greater loads. This is true even though the fine thread 
has a greater stress area, because the fine threads do not have 
enough flank engagement and will shear before the bolt has 
reached its strength. 

One user designed a bolt for a special application from 


Bright capscrews 
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MINIMUM TENSILE STRENGTH AND MINIMUM BREAKING LOAD OF THREE TYPES OF FASTENERS 


Hi-carb heat-treated capscrews 
ASTM Spec. A-325 
Minimum breaking load, 
Ibs (coarse thread) 


Minimum breaking load, Ibs Minimum 
(coarse threed) tensile strength, psi 


2,155 125,000 3,960 
3,550 oi 6,525 
4,299 - 9,660 
7,210 sy 13,250 
9,630 a5 17,700 
11,620 120,000 21,790 
14,440 - 27,070 
21,380 7 10,080 
29,500 110,000 50,730 
38,700 a] 66,560 


alloy steel and heat-treated it to 165,000 psi. The bolt had 
a fine thread. It was soon proved that it wouldn't carry 
much load with the ordinary nut, so a thicker nut was used 
and finally heat-treated. It so happens that a 1038 heat- 
treated bolt with coarse threads and an ordinary nut will 
outperform this very expensive combination of bolt and nut, 
simply because of the thread. I have seen many critical 
fastener problems cured eventually by changing from a fine 
to a coarse thread, although the intermediate steps were 
alloy steel, heat-treated, special nuts and all the trimmings. 

Fig. 4 shows results of a test made at the Massachusetts 
Institute of Technology in some research work on. stress 
distribution. It will be noticed that the stress varies in a 
coarse-thread nut from 53 percent of the average at the top 
to 153 percent at the base, while with fine threads it varies 
37 percent of the average at the top to 231 percent at the 
base. This study proved that bolts with fine threads used in 
steel nuts loaded statically failed at stresses far under the 
tensile strength of the bolting material, while coarse threads 
did not. This condition is brought about by more threads in 
engagement, indicating that extra thick nuts are not the answer. 

This also shows that the first thread of a nut carries a 
proportionally higher load concentration in fine threads, 
thus precipitating progressive failure of succeeding threads 
at lower than expected loads. This occurs to an even greater 
degree when either internal or external thread materials are 
hard or brittle. This is why coarse threads are specified in 
cast iron. High non-uniform load also explains why fine 
threads are not used in soft metals such as aluminum, cop- 
per or brass. 

When a nut is loaded, it tends to expand because of the 
wedging action of the thread. — (Continued on page 471) 
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Fig. 4 Stress distribution in coarse-thread vs. fine-thread nuts 
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T HAS been said that the farm equipment industry is 
the leader in the use of fasteners, not tonnagewise but 
in the types and sizes of fasteners. In this discussion, 

an attempt will be made to cover recent developments, the 

work accomplished by various standardizing bodies, how 
this work affects agricultural engineers, and mention of 
fastener trends in the farm equipment industry. 


Specialties. There has been a considerable increase in 
the proportion of specialty products as demands for stronger 
and safer implements are reflected in the need for stronger 
and better fasteners to hold them together. Some of them 
can be mentioned without becoming specific on trade names. 

There are three basic types of washers — plain, anti-turn 
and spring. There is also the combination spring and anti 
turn type which has the advantages of both types, in that 
continued pressure is exerted on the threads and sharp tangs 
or teeth impinge on the work surface to prevent turning. 

All of these types of washers are made available with 
screws as permanently assembled units. This is done by 
slipping the washer onto the screw blank before it is rolled. 
The threads hold the washer on the screw, but it is free to 
rotate and seat properly when the screw is tightened down. 
Some advantages claimed for these combination washer and 
screw assemblies are that they reduce assembly costs and 
time, eliminate awkward assembly problems, save screws and 
washers wasted in assembly and insure use of the correct 
washer. 

A similar specialty goes a step further, leaves off the 
washer, but instead places a series of serrations under the 
head to serve as an anti-turn bearing surface. The entire 

art is casehardened a few thousandths of an inch. These 
file-hard teeth bite into the work surface and thus prevent 
turning and subsequent loosening. A recent development ts 
an assembly consisting of the nut and a washer; the washer 
is staked to the nut, making it one unit. 

Another specialty has found favor because it provides 
an elastic yield without reduction of shank diameter. This 
is a hexagon-head bolt. The head is formed with a cuplike 
depression in its upper face and a circular recess adjacent 
to the shank in its underface. With this bolt, greater elastic 
stretch can occur than in a standard bolt equally loaded. It 
stays tight when a standard bolt will loosen. 

There have been some new advances in studs. While 
ordinary means of mounting studs require drilling, tapping 
and tightening, other ways have been introduced, such as 
electrically welding them to a metal surface or pushing them 
into the surface by means of a powerful powder charge. 

Rivets, a standby in our industry for years, and still one 
of the simplest and most economical fastening devices, are 
usually classified as solid, split, tubular or blind. Where it is 
impossible to reach both sides of the work, blind rivets in 
a variety of sizes, types and styles are used. They are set 
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from one side only. The setting operation can be performed 
by the mandrel-like action of a plug pulled entirely through 
the rivet body; by a plug pulled partially through and then 
severed ; by a squeezing action that results from an internally 
threaded portion of the rivet body being drawn up behind 
the joined sheets, or by a flaring action that results from 
an explosive charge in the shank of the rivet proper. 

Stapling and stitching various metallic and non-metallic 
materials constitutes onc of the most rapid and versatile 
fastening techniques. This method of fabrication requires 
no punching or drilling of holes, no precleaning operations, 
no heating or cooling time, and no assembling or tightening 
operations. Stitching ts the term used to denote the fasten- 
ing Operation where a length of wire is cut from a coil and 
formed into the fastener as each stitch is made, while sta- 
pling employs preformed fasteners. The finished job looks 
the same in both cases. 

There are an amazing number of specialty devices in the 
field of light metal fastenings, since light metal isn’t thick 
enough to provide strength in a tapped hole. Representative 
are tapping screws in drilled, punched or extruded holes. 
Some are of the thread-forming design, others are for thread 
cutting. Various makes of cage nuts, plug nuts, weld nuts 
and nut retainers are on the market, but they all have one 
purpose in common — to provide for blind assembly and 
for long thread engagement. 

Drive pins of various types are available, generally heat- 
treated to achieve maximum toughness and shear strength. 
Compressed as they are driven into a hole, they exert con- 
tinuous spring pressure against the sides of the hole and 
prevent loosening by vibration. Hairpin cotters are another 
specialty for slipping around a shaft or with one leg through 
a drilled hole in the shaft and are easily removed. 

Locknuts. Many strange designs, some good and some 
bad, have been devised for locking nuts on bolts, since the 
first patent was issued on them in 1854. Early locknuts were 
usually so impractical from a cost and production stand- 
point that little attempt was made to introduce them. The 
last few years have scen a great change and locknuts of 
many designs find many different types of applications. 
Probably the biggest reason for the considerable interest 
they have attracted is the extensive use that has been given 
them on military equipment. 

Virtually all locknuts are designed to function on the 
same general principle — providing a gripping action on 
the bolt threads to prevent back-off and subsequent loosen- 
ing. Some types accomplish this by distortion of the entire 
nut during manufacture, some by distortion of the nut in 
application through pressure against the work. Some hold 
the bolt by less than one full taread ; others use non-metallic 
inserts which the bolt must tap as it enters. 

A few, in addition to preventing the bolt from turning, 
provide increased thread pressure in a longitudinal axis to 
compensate for bolt stretch, or wear of bolted components, 
thus assuring a tight fastening under most severe conditions. 

There is increasing use of locknuts in all industries, 
even for implements and tractors. Probably no one locknut 
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will handle everything such a nut might be expected to do. 
No good reason may be found for using locknuts at all. 
Whatever may be the attitude as to the efficiency of locknuts 
in keeping bolts tight, it is safe to state that if the bolt does 
come loose, the locknut will hang on and keep the assembly 
from falling apart. 

One thing which makes it hard to evaluate locknuts is 
lack of suitable testing equipment on which engineers can 
agree. Some of the most popular laboratory tests are vibra- 
tion tests and installation and removal tests. One of the bolt 
companies is supposed to be doing some work on a new 
locknut testing fixture. As of today field testing ts. still 
probably the best way to determine which type to use. 

Fastener Standards. Not too long ago the bolt salesmaa 
had to satisfy only the purchasing agent. Now his product 
must meet rigid standards and satisfy quality control, engi 
neering, inspection, and production. This greater interest 
in the requirements has been reflected in standards work 
which is being carried out on a national basis. 

SAE Standards. The Society of Automotive Engincers 
has done a remarkable job in getting together producers 
and consumers and obtaining agreement on several classes 
of bolts with definite physical requirements. So long as 
most of us were using the low-carbon carriage and machine 
bolts, there wasn't too much attention paid to physical 
requirements. But with more exact engineering and demand 
for higher quality fasteners, suppliers were swamped with 
a lot of quecr specifications which meant custom work on 
practically every batch of high-strength bolts. 

For example, one supplier was working to seven ditfer 
ent hardness ranges for heat-treated bolts specified to be 
made of 1035 steel. Dozens of tensile and yield strength 
ranges were specified, although few of them ever became 
so exact as to say how the yield strength should be deter- 
mined. Some specifications even ticd down the minimum 
reduction of area in the threaded portion when tensile tested. 


A WORD TO THE IMPLEMENT DESIGNER 


The designer of the implement should confine his speci- 
fications to essential physical properties and should Icave 
it to the fastener manufacturer to determine how and with 
what he will produce the required product. SAE provides 
cight classes of bolts which should take care of most needs. 

There are improvements scheduled in these grades for 
the next revision of the SAE Handbook, and in the future 
more designers will likely pick their fasteners from this 
standard. Probably three or four will suffice in most farm 
equipment work. Our company does pretty well with four 
grades: grade 1 for commercial carriage and plow bolts, 
grade 2 for commercial capscrews and machine bolts, grade 
5 for all types of high-strength carbon steel bolts, and grade 
8 for occasional use of high-strength alloy bolts. If all 
companies made all of their own bolts, controlling wir: 
propertics and heat-treatment, they could boost their carriage 
and plow bolts into grade 2. It can't be done otherwise 
without increasing costs. 


American Standards Association Work. Dimensions of 
fasteners have undergone changes in the past two or three 
years and these have found their way into American Stand 
ards. Standards cannot be regarded as permanent or static ; 
if the product is to improve, there are bound to be changes. 
A lot of them have affected our industry. For example, a 
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two-year effort by a committee of users and producers suc- 
ceeded in reducing the scores of head variations and body 
styles of plow bolts to two head types—-the No. 3 with 
80-deg round countersunk head, square neck, and the No 
7 with 60-deg round countersunk head, reverse key. Also 
shown in the standard and intended for repair work only 
are the No. 4 countersunk square head and the No. 6 heavy 
key round countersunk head. 

All special plow bolts will never be eliminated, but this 
revised standard, by recognizing the No. 3 and No. 7 head 
types as overwhelming favorites, should go a long way to 
ward accomplishing its aims of more usable inventories, 
better interchangeability and cost reduction. 

Plow bolt standards may require further revision as 
better countersinking methods may demand another look 
at head dimensions. Accuracy of holes will have to be 
matched by accuracy of fasteners 

Another item that has been recently added to the Amer 
ican Standards is the short square neck carriage bolt. This 
was developed because of usage in the implement industry 
and since it was a development within our industry, it will 
be explained a little later. 


PLOW BOLTS ORIGINALLY FOR PLOWS 


As the name implies, plow bolts were originally for 
plows, but are used now in any application where there is 
a need for bolts to fit flush and still not turn in the hole. 
The American Standards Association is trying to get away 
from the old type names and adopt more apt names 

For example, the regular carriage bolt is now the “round 
head square neck bolt’ and the new carriage bolt that was 
just mentioned is now the “round head short square neck 
bolt”. The man who sells them and the man who uses them 
will go on calling them carriage bolts. 

Unified threads are now an accomplished fact. There 
isn't too much difference between the new standard and 
the old one. The big reason for the revision was to provide 
interchangeability of screw-thread products with England 
and Canada. The unified thread leaves a minimum clear 
ance on the class 2 thread to prevent tight fits during 
wrenching and consequent seizure. The unified thread is 
more realistic since it recognizes the need for more tolerance 
on the nut than on the bolt. The fastener strength is not 
affected, nor is the fastener assembly affected. 

When first published, suppliers doubted that they would 
be changed over to the new standards before several years 
had passed. However, the changeover was accomplished in 
a surprisingly short time by most of them. There is still a 
transition period during which threads to the old and new 
standards will both be available. The new thread will in no 
way obsolete present fastener stocks. It is quite essential in 
this transition period that inspection be for usability rather 
than for the least little irregularity in dimension. 

The B18.2 standards on square and hexagon beoits have 
been revised. Heretofore limited to certain general head 
proportions, the new standard not only shows standard head 
proportions but body diameters and_ tolerances, thread 
pitch and class, thread length, pointing and recommended 
materials. 

In addition to developing more complete product stand- 
ards, special attention was given to similiarity of existing 
standards and some major changes resulted. Most important 
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of these was widths across flats. Now capscrews and hexa- 
zon head bolts have the same head dimensions. This was 
accomplished by using the former across-flat dimensions of 
the capscrew for sizes up to % in diameter and by using 
the former across-flat dimensions of the regular hexagon 
bolt for sizes % in diameter and larger. Head heights were 
also standardized. The head height of the new standard ts 
based on a ratio of % of the nominal diameter of the bolt. 
Across-flat dimensions of hexagon nuts now agree with 
those of the bolt except for minor deviations in the 7/16 
and 9/16 in sizes. This was accomplished by using the for- 
mer across-flat dimensions of the light serics for sizes up to 
and including % in and the former across-flat dimensions 
of the regular series nut for sizes above % in. 

The changes referred to above are summarized in pub- 
lished American Standards. 

Some definite advantages which have resulted from the 
new standard are as follows: 

1 Complete specification of characteristics that  pre- 
viously varied with trade practice and individual specifica- 
tions 

2 Establishment of definite thread lengths for the 
various bolts and screws 

3 Elimination of unnecessary differences between hexa- 
gon capscrews, automotive bolts, and regular bolts, as well 
as between light and regular nuts 

4 Simplification of wrench equipment. 

5 Conservation of material 

6 Unification for defense purposes. 


CONSIDERATIONS IN USE OF BOLTS AND NUTS 
Some considerations entering into the use of bolts and 
nuts made to these standards will be of special interest. One 
concerns the increased width across flats of capscrews in 
diameters of % in and larger. The dimensions are now the 
same as those for machine bolts. In using capscrews for 
assembly in close quarters, such as next to a flange, the new 
head may not fit. For example, width across flats of the old 
%% in capscrew was lin, while the new width is 1% in. 
There shouldn't be many such applications, but where they 
exist, mixed stocks should be avoided. New design, of 
course, will allow for the larger head. 

What hexagon bolts should be specified? The new 
standard covers four — the regular hexagon bolt, the regular 
semi-finished hexagon bolt, the finished hexagon bolt, and 
the hexagon head capscrew. The finished hexagon bolts and 
capscrews are identical. Both are included because some 
people wanted to call them bolts and others wanted to call 
them capscrews. Some think two of these classes are enough 
the regular hexagon bolt and the capscrew. The capscrew 
would be washer-faced or chamfered while the hexagon bolt 
would not. 

A point on the use of the regular hexagon bolt is that 
ASA has not been realistic on the body diameter tolerances 
they show. For example, consider a % in diameter regular 
hexagon bolt. The maximum body diameter is shown as 
0.675 in, which is 0.050 in over the nominal. Where prac- 
tice is to drill holes 1/32 in larger than the fastener 
diameter, a bolt to the maximum tolerance would cause 
trouble. Closer body tolerances are to be expected on 
cold-headed bolts than on those which are made _ hot. 
However, even in the cold-heading range, the ASA standard 
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shows body tolerances which might give trouble, depending 
on hole size practice. 

For diameters through ' in there is a plus tolerance of 
0.030 in, for diameters % and 7% in, the plus tolerance is 
0.050 in, and over 7% through 1% in diameter, the toler- 
ance is 0.063 in. Attempts have been made to get these 
tolerances revised, but without success as yet. 

The last point which might give concern is hexagon 
nuts. The finished hexagon nut has been designed to the 
new Unified standard, and it is hoped eventually to swing 
all of industry to this standard. For an interim period, 
however, manufacturers will continue to make regular hexa- 
gon nuts which are not to the unified dimensions. For sizes 
5/16 through % in the widths across flats will be 1/16 in 
greater than specified for the Unified series. Stock mix-ups 
could result. 

If there could be assurance that, as of a certain date, all 
fasteners would be to the new standards, it might help, but 
it is believed that suppliers will be entangled in the change- 
over for quite some time. A recent canvass of several 
suppliers indicated that there was a wide variation in the 
progress being made. It would be to the benefit of both 
producers and consumers to keep the change-over period 
as short as possible. 

FEI Committee on Fasteners. Due to the increasing 
interest being shown in fasteners by the farm equipment 
industry, a committee on fasteners was organized in Novem- 
ber, 1949, under the jurisdiction of the Farm Equipment 
Institute. It consists of representatives from various farm 
machinery manufacturers, and its primary purpose was to 
provide the farm equipment industry with a means of 
standardizing its fastener items not covered by existing 
standards. 

The first project undertaken by the committee was the 
establishment of an industry standard for a short square 
carriage bolt. The proposed standard was to replace the 
many varieties which had resulted from the engineer's search 
for a more adaptable bolt. 

AMERICAN STANDARD CARRIAGE BOLT 

The regular carriage bolt, with its longer depth of square, 
was designed for wood sections and the proposed short 
square had to be suitable for most applications in thin metal 
sections without interference of the square under the head. 

This standard was published and has been adopted as 
an American Standard. It is receiving wide acceptance in our 
industry as well as others. Another advantage in addition 
to those for which the bolt was designed is that the short 
square makes it easier to cold head in medium carbon steel. 

A second project of this committee has been the estab- 
lishment of a standard to cover headed, drilled pins. A 
survey of the industry indicated great variations of head 
types, hole sizes and distances of hole from end of the pin. 

The committee's object was to promote a pin which 
would be economical to produce and which in time would 
have a reasonable chance of being stocked. Therefore, one 
type of head was selected, hole size was standardized for 
each diameter of pin, and distance from under the head to 
center of the hole was standardized for each length. 

This headed drilled pin has been published as an ASAE 
Standard. Since the use of such a pin is confined to the 
implement industry, there doesn’t appear to be any reason 
for including it in the American Standards. 
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Some of the ways in which the new ASA revisions 
might cause annoyance have been indicated and it should 
be to our advantage to be able to present the views of the 
farm equipment industry to those organizations which are 
most responsible for these standards. As an industry, we 
have never taken a serious part in the work of the American 
Standards Association and consequently seldom learned of 
important changes until after the revised standards were 
published. Through the FEI fasteners committee, we can be 
kept up to date on what is being contemplated, since many 
of its members are on ASA committees dealing with plow 
bolts, carriage bolts, washers, hexagon bolts, and the like. 

The farm equipment industry should continue to main- 
tain its interest in standardization, not only because it helps 
engineers to keep informed of current trends, but because 
it also makes it possible to make our influence felt in 
standards activities. 

Trends in Fasteners for Farm Implements. 1 spent a few 
days at two state fairs, visiting all the implement exhibits 
and comparing the types of fasteners used for similar loca- 
tions in similar machines and came up with the conclusion 
that there was very little that was similar. However, a 
general pattern was indicated as to where the industry was 
heading on the use of fasteners. 

Formerly the most common fastener was the square-head 
machine bolt with square nut. This was the all-purpose 
bolt assembly, but now there is a definite trend towards 
hexagon-head bolts and hexagon nuts. One trend is the use 
of fasteners for sheet metal parts which provide easier and 
more economical assembly. Mentioned carlicr were tapping 
screws and various types of nuts. One popular spring type 
of nut engages but one bolt thread. 


FINE-THREAD BOLTS INCREASING IN’ USE 


There is an increasing use of fine-thread bolts. In his 
paper published elsewhere in this issue, John S. Davey gives 
convincing reasons for sticking with the coarse-thread series, 
and they sound sensible. Nevertheless our industry ts taking 
up a trend which is losing ground in other industries and 
some data should be collected on the two-thread series. 
Some thought is being given to a research program, to be 
conducted at some university and sponsored by industry, 
including farm equipment, to determine, once and for all, 
the relative worth of fine threads and coarse threads. 

A rather revolutionary trend is the increasing use of 
medium-carbon high-strength bolts such as are covered by 
SAE grade 5 and ASTM A-325. Designing to yield 
strength, these are more than twice as strong as the low- 
carbon bolts covered by SAE grades 1 and 2. Despite this 
increased strength of the bolt, there is no reason to go to a 
stronger nut. A conventional low-carbon nut, either cold 
punched or cold forged, should be satisfactory. 

Another trend in farm implements is the increasing use 
of plated fasteners. These are especially desirable where 
the farmer has to disassemble frequently. You all know the 
trouble with rusted bolts and nuts, especially with some of 
the “knuckle-buster"’ wrenches. Another point observed on 
plated fasteners was that smaller companies made more use 
of them proportionately than did the larger companics. 

As a closing thought, farming ts an exacting business, 
and with farms so highly mechanized it is necessary that 
the implement maker use great care in the selection and 
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application of fasteners. The number of items has increased 
innumerable times, both in sizes and types, as a result of the 
increasing use of farm machinery and the broad diversifica- 
tion of heavier farm machinery. 


This places a burden on dealers and hardware stores, 
and a little thought by the designer will help materially in 
weeding out large inventories of special sizes. 

In the considerable literature which has been made 
available to engineers on the subject of fasteners, one of the 
best sources for information is the magazine issued quarterly 
by the Industrial Fasteners Institute, available on request. 
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Bolted Assemblies 

(Continued from page 467) 
markedly at the nut base and because of the greater load 
concentration, is more pronounced in fine-thread nuts. This 
expansion results in recession of the nut radially with re 
spect to the bolt threads, producing thread contact at thin 
ner sections of the thread, thus precipitating stripping. The 
expansion has less effect in reducing stripping strength of 
coarse threads because of the greater thread depth. 


We have all heard that fine-thread bolts will not loosen 
in service. This is false; in fact, the threads have nothing to 
do with it, because if the joint is properly designed and the 
bolt tightened to the proper tension, neither one should 
loosen. Surely the recent research work in the use of high 
strength bolts in structures such as railway bridges are ore 
unloaders, which are subjected to severe shock and vibration, 
prove that coarse-thread bolts will not loosen. In the many 
full-scale laboratory tests and ficld installations using coarse 
threads, there has not been a single case of nut loosening 
where the above principles have been employed, although 
no locking devices of any kind have been used 


Decarburization is sometimes present at and below the 
surface of threads and ts difficult and expensive to avoid. A 
given amount of decarburization 1s less effective in reducing 
the stripping strength of coarse threads, because of their 
greater thread depth. 


Corrosion is likewise less damaging to coarse threads. 
This is important in equipment and machinery subject to 
constant outdoor exposure. Protective coatings can be em- 
ployed more effectively and heavy coating, such as hot gal- 
vanizing, is only practical on threads with pitches coarser 
than 18. 


Coarse threads are less subject to injury in handling. 
They are far casier to assemble as they require only about 
two-thirds as many revolutions for any given movement of 
the nut along the length of the bolt. Bolts and nuts with 
coarse threads are much easier to start without crossing 
threads. This is especially important with bolts located in 
inaccessible places or assemblies done in the field or under 
adverse conditions. Coarse threads are less apt to gall or 
scize in high-cycle assemblies. 
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Epirok’s Note: This proposed ASAE recommendation 1s 
being published to give ASAE members an opportunity to 
review and comment on it before it is presented to the Coun- 
cil for approval as an official recommendation of the Society 


This ASAE Recommendation was prepared as a 
guide to engineers in the design and construction of 
tile drains, particularly as a basis for writing detailed 
specifications for a particular job. However, the Rec- 
ommendation is not designed to serve as a complete 
set of specifications or standards. They are not ap- 
plicable to dramage of iwvigated lands. 

This! Recommendation 1s a contribution of the 
Subcommittee on Design and Construction of Tile 
Drains, Committee on Drainage, Soil and Water Divi- 
sion, American Socicty of Agricultural Engineers — 
K. H. Beauchamp (chairman), W. A. Cutler, E. W. 
Gain, K. W. Hotchkiss, C. L. Larson, J. H. Lillard, 
Virgil Overholt, H. F. Peckworth, G. O. Schwab, 
F. F. Shafer, and Phelps Walker. 


SECTION I.) DRAINTILI 


Quality 
All tile installed should meet the requirements of the 
American Society for Testing Materials (ASTM). The 
ASTM specifications are subject to revision from time to 
time. (Currently those for draintile are covered by the Tenta- 
tive Specifications for Draintile, ASTM Designation C4-507. ) 
Copies of the specifications may be secured from the Amer- 
ican Society for Testing Materials, 1916 Race Street, Phila- 
delphia 3, Pa. 

(a) Standard draintile may be used for ordinary condi- 
tions of exposure and where the tile are laid in trenches 
of moderate depth. 


(b) Extra quality draintile should be specified for un 
usual conditions of exposure, or where the tile are laid 
in trenches of considerable depth or width, or both. 


(c) Concrete tile should not be removed from. the 
manufacturing plant until properly cured. It ts not good 
practice to install concrete draintile within 30 days of 
manufacture. Clay tile are ready for installation as soon 


as they have been femoved from the kiln. 


(d) Where tile will not be subject to freezing and 
thawing, the ASTM freezing and thawing and the ab- 
sorption test requirements may be moditied by the 
purchaser. 


Tide Exposed to Harmful Soil Conditions 

(a) Soil Acids. Soil acids affect all concrete tile to a 
varying degree. Acid soil solutions attack cement mor- 
tars and concretes by dissolving some of the cement con- 
stituents. Clay tile are not affected. The degree of acidity 
of soil is commonly expressed by pH valucs. A pH 
value of 7.0 is neutral. When the pH number ts greater 
than 7.0, the soil is basic. Conversely, when the pH 
number is less than 7.0, the soil ts acid, and the smaller 
the number, the greater the acidity. { Caution: Hydrogen 
ion determinations, while ordinarily reasonably reliable, 
are not infallible as some soils with pH values higher 
than 7.0 may become acid by exchanging a hydrogen ton 
for a base ton in reaction with a salt solution. } 
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PROPOSED ASAE RECOMMENDATION : 
Design and Construction of Tile Drains in Humid Areas 


Where soils or drainage waters are acid it should be 
stipulated, even though subject to possible error for the 
reason stated, that: 

(1) Standard quality concrete tile can be used in 

mineral soils having a pH number of 6 to neutral. 


(2) Extra quality concrete tile can be used in min- 
eral soils where the pH varies from 5.5 to neutral. 


(3) Extra quality concrete tile can be used in or- 
ganic soils having a pH number of 6 to neutral. 
Concrete tile should not be used in organic soils 
when the pH number is much less than 6.0. 


(b) Sulphates. Clay tile are not affected by sulphates. 
Most concrete tile are so affected to varying degrees*. 

Where soils or drainage waters contain appreciable 
quantities of sodium or magnesium sulphates, the fol- 
lowing precautions should be observed if concrete tile 
are to be used; (the pH of a soil is not necessarily an 
indicator of sulphates ) : 


(1) Where the combined concentration of sodium 
and magnesium sulphates is appreciable, but less than 
3,000 ppm, concrete draintile shall be of extra qual- 
ity and shall be made with a sulphate-resistant ce- 
ment (ASTM Types I, IV or V). 

(2) Where the combined concentration of these 
sulphates is 3,000 ppm or more, concrete draintile 
shall be extra quality, shall be made with a cement of 
high sulphate resistance (ASTM Types V or II with 
less than 5.5 percent (CsA) and should be cured for 
suitable time periods in steam at temperatures of 
212 F or higher. 


3 Tile Exposed to Freezing and Thawing 
(a) Concrete draintile meeting ASTM specifications are 
generally frost-resistant and require no spec ial precautions. 
(b) Clay tile may be damaged by frost action. In areas 
where the temperature conditions are particularly severe, 
clay draintile laid with less than 2.5 ft of earth cover 
should be of extra quality. 


(c) Clay draintile should not be strung out or stacked 
in contact with the ground or other sources of moisture 
during the winter or periods of freezing and thawing. 


*For more detailed information on the problems of soil sul- 
phates and acid soils with reference to concrete tile refer to the 
following University of Minnesota bulletins: Technical Bulletin 
180, “Durability of Concrete and Mortars in Acid Soils with Par- 
ticular Reference to Draintile,” and Technical Bulletin 194, “‘Long- 
Time Tests of Concrete and Mortars Exposed to Sulphate Waters.” 

Fig. 1 (See opposite page) Tile drainage design chart from 
Yarnell-Woodward formula, 1 = 138r% 5'* (USDA Bulletin 854 
chart prepared by Michigan State College, 1953.) 


How TO USE CHART: (1) Find the number of acres to be 
drained in the selected drainage coetiicient column. (2) Project a 
horizontal line to the left until it intersects the vertical line repre- 
senting the grade of the tile line shown at the bottom of the chart. 
(3) The tile size shown in the space between diagonal solid lines 
where the point of intersection occurs is the required size of tile to 
use. (4) The diagonal dotted lines show the velocity of flow in the 
tile. (5) Continue the horizontal line until it intersects the left 
vertical marginal line to find the discharge in cubic feet per second. 
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SECTION Il, DESIGN 

1 Capacity and Depth of Outlet Drain 

(a) Open Ditch. Where the outlet is a stream or open 

ditch, it should provide a free outlet for tile drains with- 

in a reasonable period of time after a heavy storm peak 

flow and should be large enough to remove the surface 

water runoff from its watershed in time to prevent crop 

damage by overflow. Accepted drainage runoff data 
should be used in the design of new outlet ditches or in 
checking for capacity of existing ditches. The outlet 
ditch should be deep enough that when the lateral tile 
are laid at the optimum depth for the soil to be drained, 
the flow line (tile invert) of the main at the outlet will 
be at least 1 ft above normal low water flow in the ditch. 
This clearance should be increased to 18 in if the outlet 
drain is in sandy or organic soils or is subject to rapid 
filling with sediment. This clearance may be reduced 
when the outlet ditch 1s on such a grade that sedimenta- 
tion does not occur and when there is very little water 
flow in the ditch a few hours after a storm. 
(b) Existing Tile Main. Where an existing tile main ts 
used as the outlet for a proposed system, the outlet drain 
should be carefully examined. The tile should be in good 
condition, free of failures and working properly. It 
should be deep enough to permit the laterals of the 
proposed system to be laid at the optimum depth for the 
soil to be drained. It should have sufficient available 
capacity based on the area served to handle the proposed 
system, allowance being made for surface inlets and 
possible additional tile lines. 


(c) Pump Outlet. When the outlet ditch docs not 
provide a suitable gravity outlet for the tile system and 
it is impractical to improve the ditch, pumping should 
be considered as a means of providing an outlet. 


2 Drainage Coefficient 

The drainage coefficient is the rate of water removal that 
must be handled in order to provide the required degree of 
protection to the crops to be grown. The frequency, inten- 
sity and duration of rainfall as well as the porosity and 
permeability of the soil, and crop to be grown, should be 
considered in selecting the drainage coefficient within the 
ranges given. 

(a) When the land to be tiled has complete surface 

drainage provided either by the natural topographical 

formation of the land or by artificial channels, land 

smoothing or diversions and no surface water is ad- 

mitted directly into the tile lines, the following coeth- 


cients should be used: 
Coefficient 
(Inches to be removed in 24 hr) 


Soil Field crops Truck crops 
Yq to Y, 
VY, to % 


Mineral soils 
Organic soils 


VY, to Ys 
V4 to 114 


(b) Where it is necessary to admit surface water 
through surface inlets into the tile system, the following 
coefficients should be used: 


Coefficient 
(Inches to be removed in 24 hr) 
Field crops Truck crops 


Soil Blind inlets Open inlets Blind inlets Open inlets 
Mineral VY, to ¥%4 Y, tol ¥, tol lto lly 
Organic ¥,tol lto 1, 14 to 2 2to4 
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(c) When high-value truck crops might be damaged by 
standing in water from 2 to 4hr during hot weather, a 
higher coefficient than those given in (a) and (b) above 
may be necessary to hold crop damage to a minimum. 
(d) When the tile line is to be used for intercepting 
seepage and springs, adequate ficld investigations must 
be made to determine the amount and extent of seepage 
as well as the watershed area contributing to the seepage 
problem and the time required for the seepage to reach 
the tile. 

The watershed area, soils, stratification and local 
experience with similar systems should be considered in 
determining size of tile to intercept hillside seepage. 

When large isolated springs are to be intercepted, 
the amount of spring flow should be measured. 

If the area of interception is substantial and indicates 
the requirement of a rather large tile size, diversions and 
terraces to intercept surface flow on the slope should be 
considered, as well as open-channel diversions near the 
location where the seepage appears on the surface in 
order to cut off some of the seepage water. 


Capacity of Mains and Laterals 

To provide the required tile capacity based on the se- 
lected drainage coefficient, the Yarnell-Woodward formula, 
V =138 r% 5 should be used, in which V= mean velocity in 
feet per second, r=mean hydraulic radius, and s slope of 
tile expressed in feet per foot. 

To simply the use of this formula the draintile design 
chart, Fig. 1, can be used. The selected drainage coefficient 
must be applied to the correct area if the required capacity 
is to be provided. 

(a) Where no surface water is admitted directly to the 
tile through inlets, the selected drainage coefficient 
should apply only to the wet land area requiring tile 
drainage. An exception to this is where the runoff from 
an upland watershed spreads out over the area to be tile 
drained, thus adding an additional load over that pro- 
duced by actual rainfall. If the runoff from this upland 
watershed cannot be diverted away from or channeled 
through the area to be drained, the drainage coefficient 
should be applied to the watershed area, if the perme- 
ability of the soil makes this feasible. 

(6) When surface water is admitted directly to the tile 

line through surface inlets, the entire watershed drain- 

ing to the surface inlet should be used as the contribut- 

ing area. An exception to this condition is where only a 

small amount of the runoff will be impounded at the 

location of the inlet and the remainder will flow away 
in a confined channel. The tile line should then be 

designed to carry away the impounded water in 8 to 12 

hr depending upon the permeability of the soil, and 

lateral lines within the impounded area should be placed 
at about one-half the normal spacing. 


Minimum Size of Tile 

For good agricultural drainage in mineral soils extend- 
ing over a long period of time with low maintenance costs 
and considering present-day construction methods and prob- 
able development in crops and farming practices, the use of 
a 5-in tile as a minimum size for laterals is recommended by 
the state colleges of several states. 
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Under the conditions given, the following limitations 


should apply to use of 


(a) 4-in tile: 
(1) Use only in mineral soils containing only small 
amounts of fine silt and sand 
(2) Tile lines on grades of 0.1 percent or more 
(3) Tile lines not over 1,300 ft in length. 
(b) 5-in tile: 
(1) Use for sands or non-cohesive soils 
(2) Soils containing frequent sand pockets or lay- 
ers of sand. 
(c) 6-in tile: ‘ 
(1) Use for tile lines with surface inlets 
(2) Peat and muck soils (Tile of 18 to 24-in 
length recommended ). 


5 Minimum Depth 
(a) Mineral Soils. The designer should recognize that 
most experimental work shows that crop yields increased 
as tile depths were increased from 24 to 42 in and more. 
It is therefore desirable for the depth of laterals to aver- 
age 3 to 4 ft. This may be reduced to 2.5 ft with laterals 
spaced approximately 3 rods apart under the following 
conditions: 
(1) For slowly permeable soils 
(2) Where there is a layer of extremely tight soil, 
sand or large stones that prohibits greater depth 
(3) In depressional or impounded areas 
H H 
a «8, By BBg - ft. We 
Ibs. / tin ft 
1.0 12.0 
ie : 
10.0 20,000 
1.5 
20 : “1 15,000 
25 . 6.0 
aaa 5.0 10,000 
40 
4.0 
20 45° e 
re) “ 
10.0. 3.0 = 6,000 
hy 2.5 a + 5,000 
3.0 me - 
ie 2.5 ~ 4,000 
'; oO 
40 - 
51.5 fF 3,000 
» 
5.0 aA — 2,500 
Pe ae Qa 
aid i, ae > 2,000 
ee ie 0.9 3 
naa 0.8 = 
a7 : 1,500 
10.0 0.6 i 
o5 1,000 
15.0 800 
Bosed on: w . = 120 Ibs./cu.ft. 
20.0 
Ky’ * 0.130 
Hs DEPTH ABOVE TOP OF TILE 
@cs OUTSIDE DIAMETER OF TILE K, = 0.1924 
@g: WIDTH OF TRENCH ABOVE TILE es 
Wes LOAD ON TILE IN LBS./LIN. FT. feqP* 0.75 
w* WEIGHT OF SOIL IN LBS./CU FT. 


Fig. 2. Nomograph for loads on tile installed in thoroughly wet clay 


rom paper by Schilfgaarde, Frevert and Schlick, AGRICULTURAL 
ENGINEERING, vol. 32, July, 1951) 


6 


(4) Where outletting is a problem 
(5) Where cropping conditions require rapid drain- 
age of upper horizons of the soil profile. 

The very minimum of cover to protect the tile from 

breakage by heavy machinery should be 2 ft of soil over 

the tile. 

(b) Organic Soils. Organic soils should not be tiled 

until after initial subsidence has occurred. To produce 

initial subsidence, open ditches should be constructed in 
deep muck and peat land to carry off free water and the 

area allowed to stand or be partially cultivated for a 

period of from 3 to 5 years before installing tile. Sub- 

sidence will continue after the initial stage and may be 
as much as 0.1 ft per year due to oxidation under culti- 
vation, compaction, shrinkage and wind erosion. There 
fore, the minimum working depth of tile should never 
be less than 4 ft. Control drainage should always be 
given consideration. Experimental data show that the 
subsidence rate increases as the average depth to the 
water table during the crop season increases. The very 
minimum of cover to protect the tile in organic soils 
from breakage by heavy machinery should be 21% ft of 
soil over the tile. If control drainage is not provided to 
hold subsidence to a minimum, this depth of cover 
should be increased to 3 ft. The economics of clearing 
and draining organic soils is questionable if depth of 
muck over an unproductive base material is less than 4 ft. 


(c) When it is impossible or uneconomical to secure the 
minimum cover specified in (a) and (b) above under wa- 
terways and road ditches, at the outlet end of the main 
or near structures, the draintile should be replaced with 
metal pipe or other high-strength continuous rigid pipe. 


(d) Mains should be laid deep enough so that laterals 
can be joined at the approximate center of the main tile. 
Tile Loading 

(a) Draintile should be so installed that the load does 
not exceed the required minimum average crushing 
strength of the tile as set forth in ASTM C4-50T, ‘’Ten- 
tative Specifications for Drain Tile” (1950). Minimum 
crushing strengths are listed for two classes of draintile, 
namely, standard and extra quality. Loads on draintile 
should be determined from formulas developed by 
Marston at Iowa State College. Crushing strengths in 
the sand-bearing method of ASTM C4-50T are to be used 
for comparison with the calculated loads as determined 
by the Marston formulas. 


(b) The nomographs shown in Figs. 2 and 3 are based 
on Marston's formulas and are presented to simplify 
the computation of loads on draintile for two generally 
encountered soil conditions, namely, thoroughly wet 
clay and saturated sand. Soil constants for each condi- 
tion are shown on the nomographs. The results are 
applicable for conduits in narrow or wide ditches. The 
nomographs permit the determination of toads for 
either ditch conduit or projecting conduit conditions 
with a minimum of calculations. Projecting conduits are 
conduits installed in shallow bedding with their tops 
projecting above the surface of the ground and then 
covered with an embankment. This condition prevails 
in unusually wide trenches. The maximum projecting 
conduit load is assumed to be the maximum loading 
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possible on a tile laid in a ditch two or three times wider 
than the outside diameter of the tile. The lower value of 
the load as obtained from the nomographs is the one to 
be used in design. The following notation will be used: 

D~ depth of trench to bottom of tile 

H depth of trench to top of tile 

B.~ outside diameter of tile 

Ba width of trench measured at the top of the tile 

W,—load on tile in pounds per linear foot 

u — weight of soil in pounds per cubic foot 

K — Rankine's constant, defined in terms of 

p— coethcient of internal friction of the fill material 
p —coefhicient of friction between fill material and 

side of ditch 

rap ratio depending on the “projection ratio” p and 
the “‘settlement-deflection ratio” r,4. 
(c) The nomographs can be used to determine the load 
for a given set of conditions or to determine the max- 
imum allowable depth for tile of specified strength. For 
example, the load on a 10-in tile installed 8.5 ft deep in 
an 18-in ditch in thoroughly wet clay can be solved by 
using Fig. 2 as follows: 
H D—B. 8.5—1.0 
Projecting conduit: - 7.5 
B. iB, 1.0 

Place straight edge on nomograph on points H/B, 

7.5 and B,=1.0, and read on right line in Fig. 2, 

W .= 2,470 lb per lin ft. 


H D—B,. 8.5—1.0 
Ditch conduit: — —_—+=-5.0 
Bu Ba 1.5 
Read on right line W".= 1,130 Ib per lin ft. 
Ll i. B, & By-t! We 
: ¥ 12.0 Ips /tin ft 
20,000 
10.0 
15 
8.0 15,000 
2.0 7.0 
6.0 
-3.0 10,000 
-40 - 9.0 
wo 
-6.0 4.0 is 
: ae ; 
so - F 6,000 
3.0 Ww 
a + 5,000 
- 2.5 w 
+ F 4,000 
3.0 20 ° 
ax 
2 3,000 
40 15 S) 
= EF 3,500 
50 2 o 
2 2,000 
60 Pee S 
09 2 
08 23 F 1500 
-O7 
- 0.6 
— 1,000 
05 
Bosed on: w = 120 Ibs /cu ft 800 
150 K y= 0165 
K p=: 01924 
200- regP 075 


Fig. 3) Nomograph for loads on tile installed in saturated sand 
(same reference as Fig. 2) 
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CLASS D CLASS C 


me 


ORDINARY BEDDING 
LOAD FACTOR = 1.5 


IMPERMISSIBLE BEDDING 
LOAD FACTOR = 1.1 


CLASS 8 CLASS A 
_ eee y Ba 


TAMPED 


2000" CONCRETE 
OR BETTER 


WN Yisss 
MIN.= 4 INSIDE DIAM 
CONCRETE CRADLE 


BEDDING (PLAIN) 
LOAD FACTOR= 3.0 


FIRST CLASS BEDDING 
LOAD FACTOR =1.9 


Fig. 4 


The lower valuc, 1,130 !b per lin ft, is the design 
load to be used. 
To determine the allowable depth to install 10-in stand- 
ard quality tile (strength 1,200 lb per lin ft) in an 18-1n 
trench for thoroughly wet clay proceed as follows using 
Fig. 2: 


Projecting conduit: Using B.=1.0 and W.= 1,200 
Read on left line H/B.= 3.8 
H=3.8X1.0=3.8 
D=H+B.=3.8+1.0=48 ft 

Ditch conduit: Using Ba=1.5 and W’, = 1,200 


Read on left line H/By=5.5 
H=5.5X1.5=8.2 
D=H + B.=8.2+1.0=9.2 ft 
Since this example is the reverse of the previous case, 
the greater depth, 9.2 ft, is the maximum permitted. 
(d) Allowable draintile depths for thoroughly wet clay 
have been tabulated (Table 1) for a wide range of field 
conditions. Depths given by Table 1 are a minimum 
and, therefore, safe for less severe soil conditions. Tile 
sizes, trench widths and tile strengths not shown in the 
table may be determined from Fig. 2. Nomographs in 
Fig. 3 are applicable for saturated sand. 
(e) The loads which a tile will carry are not only in- 
fluenced by the type of soil and the depth and width of 
trench, but also by the manner of bedding. This is 
brought out by the four methods of bedding illustrated 
in Fig. 4. Ordinary bedding is the method upon which 
the nomographs (Figs. 2 and 3) are based. Ordinary 
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TABLE 1. ALLOWABLE DRAINTILE DEPTHS 


Crushing 
Tile strengths, 
size, lb per Width of trench in inches 
in ASTM class lin ft 16 18 20 22 26 
5 Standard eS ae Ae, a a SS 
Extra quality 1600 Inf laf 122 95 95 95 
6 Standard 1200 Inf 88 68 66 66 66 
Extra quality 1600 Inf for 12:3 @7 84. 64 
8 Standard 1200 Inf 90 72 SS .54 3A 
Extra quality 1600 Inf Inf 12.5 88 73 69 
10 Standard 1200 Inf 9.2 ye 6.0 5.3 4.9 
Extra quality 1600 Inf inf 12.7 90D. 73 64 
12 Standard 1200 Int 9A 7.3 6.2 5.5 5.0 
Extra quality 1600 Inf inf 129 92 .7.7 68 
15 Standard 1300 8.6 7a 6.3 5.8 
Extra quality 1600 i3a- 835° 26: 73 
18 Standard 1400 70 665 
Extra quality 1800 9.6 8.5 
21 Standard 1550 
Extra quality 2100 
24 Standard 1700 


Extra quality 2400 


Note 1 Values given for the various trench widths are depths of trench in feet 
Note 2. Crushing strengths given are averages in pounds per linear foot based on 
sand-bearing method, Specifications for Draintile, ASTM Designation C4-50T 


Note 3. These values allow a safety factor of 1.5. 
Note 4 Width of trench is measured at top of tile. 


28 30 36 
> xe yi 
9. 


6 
8 


6 


re &.4 8.4 
5. 


477 


fore, any feasible method may be employed 
for removing the material above the top of 
the tile. 

Another method to minimize overloading 
5 95 95 


in wide trenches is to backfill only to a depth 
6 6.6 6.6 


of 4 or 6ft immediately after construction, 
4 54.54. then allow several months to elapse before 
9 69 69 completing the fill. If the trench ts quite 
9 49 49 deep through rather short cuts, it is good 
practice to make the filling at intervals, al 


H ph “ie lowing time for settlement between fillings. 
> yo 47 Backfilling in this manner, while helpful in 
3 58 5.2 reducing the overload resulting from wide 
9 5.5 4.7 — ditches, should not be substituted for the use 
d a rd of tile with sufficient crushing strength to 


3) 6 gs) 6) Support the backfill load as calculated by the 


71 §9 momographs of Figs. 2 and 3. 
10.0 7.9 When the calculated load requirements 
considerably exceed the crushing strengths 
for extra quality draintile of ASTM C4-SO0T, it 


will be exercising good judgment to specify 


: : : ; supe of higher strengths sv as reimtorced 
Note 5 Loadings were computed for wet clay soil at 120 Ib per cu. ft. Somewhat pipe of higher strength ach ears 


greater depths are permissible for lighter soils. 


Note 6 Ordinary pipe laying whereby the under side of the tile is well bedded on 


soil for 60 to 90 deg of the circumference. 
Note 7 ‘Inf’ indicates infinity. 


bedding is that in which the underside of the tile ts 
carefully bedded in soil for 60 to 90 deg of the circum- 
ference, with the ditch bottom suitably rounded, and the 
tile blinded to a depth of at least 0.5 ft above its top, 
using care to fill the space at the sides of the tile with top 
soil. As indicated by the load factors, the supporting 
strength may be reduced from a value of 1.0 to 0.7, a 
loss of 30 percent, in the case of impermissible bedding 
and may be increased 20 to 30 percent by using first-class 
bedding with a load factor from 1.2 to 1.3. Use of the 
concrete cradle with a load factor of 2.0 will increase 
the supporting strength 100 percent over the values 
obtained by the nomographs in Figs. 2 and 3. First-class 
bedding should always be the first consideration where 
nominal additional supporting strength will be required 
of the tile. The most favorable factor will be obtained 
when this bedding is prepared as follows: The tile ts laid 
on granular material (road gravel or crushed rock) in an 
earth foundation shaped to fit the lower part of the tile 
exterior for a width of at least 60 percent of the tile 
width. The remainder of the tile is entirely surrounded 
to a height of at least 1 ft above its top by this granular 
material carefully placed to fill completely all spaces 
under and adjacent to the tile. This fill is tamped 
thoroughly on each side and under the tile as far as 
practicable in layers not exceeding 6 in thick. If topsoil 
is substituted for the granular material, the load factor 
should not be assumed to be higher than 1.2. It will not 
be practicable ordinarily to use sticky clay subsoils in the 
manner recommended for first-class bedding. 

To prevent overloading in deep and wide ditches it ts 
sometimes feasible to construct with a trenching machine, 
or by hand, a subditch in the bottom of a wide ditch 
which has been excavated by a bulldozer, dragline, steam 
shovel, or backhoe. The width of the subditch measured 
at the top of the tile determines the load, and the width 
of the excavation above this point is unimportant. There- 


concrete sewer pipe (ASTM ©75), reinforced 
concrete culvert pipe (ASTM C76), or extra 
strength clay pipe (ASTM ©200). While 
these pipe will cost more per foot than drain 
tile, it should be remembered that the number of fect 
required for extreme loading conditions is usually small 
in proportion to the total tile installed. In many cases the 
added cost, on a percentage basis, will be only nominal. 
Even this will be largely compensated through the saving 
effected in time for the ditching contractor, reflected back 
to the landowner, if the contractor can be assured when 
he bids for the job that there will be no overdue delays in 
his trenching operations caused by special requirements 
for the laying of the tile in the deeper and wider cuts. 


~~ 


Spacing 
When a system of parallel tile laterals ts used for field 


crops, the spacing between laterals should vary according to 
soil texture as follows: 


Soil Permeability Spacing 
Clay and clay loam 
soils Very slow 30 to 70 tt apart 
Silt and silty clay Slow to moderately 


loam soils slow 60 to 100 ft apart 


Sandy loam soils Moderately to rapidly 100 to 300 ft apart 


Muck 50 to 200 ft apart 


The design engineer should specify the spacing for indt- 
vidual jobs within the above limits based on soil conditions, 
crops and local experiences. For some special or high-value 
crops spacings less than the minimum shown above can be 
justified. In some states a list of recommendations is avail 
able for tile lateral spacing according to individual soil types 

Additional information relating to depth and spacing of 
tile can be obtained from the following papers: “Proper 
Spacing and Depth of Tile Drains Determined by the Phys 
ical Properties of the Soil,” J. H. Neal, University of Min 
nesota Technical Bulletin No. 101, June, 1934; “Soil Perme 
ability as a Criterion for Drainage Design,” V. S. Aronovict 
and W. W. Donnan, Am. Geo. Union, vol. 27, no. 1, Feb 
ruary, 1946; “The Depth and Spacing of Tile Drains,” C. S. 
Slater, AGRICULTURAL ENGINEERING, 31 : 448-450, 1950, 
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and “Depth and Spacing tor Drain Laterals as Computed 
from Core-sample Permeability Measurements,’ Phelps 
Walker, AGRICULTURAL ENGINEERING, 33 : 71-73, 1952. 
8 Grades 

(a) Minimum. The minimum grade should be as great 
as possible on flat lands consistent with the topography 
of the area. Experience indicates that tile laid without 
grade or with very little grade tend to fill up readily. 
The grade of small-sized drains should be limited to the 
following: 


Diameter of tile in inches Minimum grade in feet per 100 ft 


4 0.10 
5 0.07 
6 0.05 


In some locations where fine sand or silt enter tile, a 
minimum grade to produce a velocity of 1.4 fps is rec- 
ommended. This is equivalent to 0.3 ft per 100 ft for 
4-in tile. 

(b) Maximum. Steep grades causing high velocities of 
flow present a definite hazard to tile mains especially 
when they are flowing nearly full. Care must be exer- 
cised in laying of lateral drains on steep slopes. Where 
practical a designer should avoid placing mains on grades 
much over 2 percent. However, there are locations and 
conditions which require the use of steep grades. The 
following special practices are recommended for tile 
drains laid on steep grades in different soil materials, 
however, each individual case should be provided for by 
one or more special practices to meet the local conditions: 
Sand and Sandy Loam: (1) Where the grade is less than 
1 percent use appropriate construction methods described 
in Section I-10 for sandy soils; (2) where the grade ts 
between 1 and 4 percent and line is running not over 
half full, lay tile to very tight fit and wrap joints with 
tar impregnated paper or heavy burlap and tamp heavy 
soil firmly in place around tile. (Applicable especially to 
laterals in stable soils; also sclect appropriate construc- 
tion methods described in Sections II[-10 or 11.) 


Silt and Silt Loam: (1) On grades ranging from ¥ to 3 
percent, lay tile with tight fit and tamp heavy soil firmly 
in place around tile (See Section II-11); (2) on grades 
from 3 to 6 percent, running not over half full, lay tile 
to tight fit, wrap joints with tar impregnated paper and 
tamp heavy soil firmly in place in blinding tile. (Ap- 
plicable to laterals particularly {sce Section HI-11}.) 
Clay Loam and Silty Clay: (1) On grades between 1 and 
6 percent, lay tile to tight fit, tamp heavy textured soil 
firmly around pipe (sce Section IIl-11); (2) on grades 
from 6 to 15 percent running not over half full, lay tile 
to tight fit, wrap joints with tar impregnated paper, 
tamp soil selected for its heavy texture firmly in place in 
blinding tile. (Applicable to laterals particularly [see 
Section IIT-i1 }. ) 

Other Soil and Flow Conditions: For conditions where 
tile grades are steeper or the flow in tile exceeds limits 
specified in paragraphs above, an engincer should specify 
the method of protection required for the individual job. 
Such methods may include one or more of the following: 
Lay tile with tight fit, wrap joint with suitable material, 
blind tile with heavy-textured soil firmly around tile. 
encase tile in gravel; use sealed tongue-and-groove, bevel 
or bell end pipe, seal draintile with suitable cement 
material or use continuous pipe or fiber or metal. 
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The necessity for a breather near the beginning of a 
steep section and a relief well at the point where the 
steep section changes to a flat section should be con- 
sidered. This will be determined by the velocities in the 
tile, the soil in which the tile is laid and the capacity of 
the tile below the steep section with respect to that in the 
steep section. If the capacity of the tile in the flat section 
is such that the hydraulic gradient will reach nearly to 
the surface of the ground for full tile flow, a relief well 
should be installed to prevent a “blowout.” 


9 Alignment 


Change in horizontal direction should be made by one 
of the following methods: 


(a) A gradual curve of the tile trench on a radius that 
the trenching machine can dig and still maintain grade. 
The radius will vary with the depth of the trench; how- 
ever, in no case should less than 50 ft be used. Follow 
recommendations on “Joints,” Section III (9), with respect 
to the gap between tiles on the outer side of the curve. 
(b) The use of manufactured fittings. 


(c) The use of junction boxes and manholes. 


10 Connections 
Manufactured connections or branches for joining two 
tile lines should always be used when available. If connec- 
tions are not available, the junction should be chipped, fitted 
and sealed with cement mortar. Laterals should be connected 
into the main tile at the midpoint of the tile. On large tile 
lines it is a good practice to lay a submain parallel to the 
main for collecting the lateral lines as this eliminates the 
necessity of tapping the large main every 50 to 100 ft. The 
saving on large connections and length of laterals will 
generally offset the cost of the submain. 
11 Tile Outlet Protection 
When the tile main outlets into an open ditch, the end 
of the tile should always be protected against erosion and 
undermining. Two conditions are involved: 
(a) When no surface water will enter the ditch at the 
location of the tile outlet. Under this condition a section 
of continuous rigid pipe should be used. At least two- 
thirds of its length, or a minimum of 8 to 12 ft should 
be embedded into the ditch bank with the overhanging 
length discharging just beyond the toe of the ditch slope. 
When the placement of a pipe projecting into the ditch 
will cause a serious ice jam or be damaged by floating ice 
or debris, the pipe should be recessed into the ditch bank 
and provision made for the water to flow from the pipe 
out onto a paved section or apron of a small concrete or 
masonry structure. If a continuous rigid pipe is not 
available, a wooden box made of 2-in planks (preferably 
creosote pressure-treated) and of the same length as 
that specified for pipe can be used. Under certain con- 
ditions it may be advisable to use sewer pipe with ce- 
mented joints and cradled in concrete with the outlet end 
recessed as noted above. 


(b) When surface water must enter the ditch at the 
location of the tile outlet. Under this condition some 
type of structure should be used to outlet the tile and to 
safely lower the surface flow to the ditch. When there is 
no spoil bank, the straight-drop spillway is generally the 
best type of structure. If there is a spoil bank and suf- 
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ficient temporary storage on the land is possible and 
permissible, a pipe drop-inlet structure will usually pro- 
vide the best and most economical installation. Some- 
times it may be possible to move the tile outlet out of the 
waterway or divert the surface water to another location 
at least 60 to 75 ft away and lower the surface flow into 
the ditch over a sodded chute. When practical the tile 
outlet should be located upstream from the surface-water 

outlet. The tile outlet should then be protected by a 

pipe as specified under (a) above. 

Swinging gates or a similar type of protection should be 
used on all outlets to exclude small animals unless the outlet 
is so located that it would be impossible for them to enter 
the tile at the outlet end. Gratings or attached screens should 
never be used on tile lines that have surface inlets because 
of the hazard of debris which might enter through the inlets 
and collect on the grating bars. In some areas plant roots, 
such as sugar beet roots, present an additional hazard. 

12 Junction Boxes 

Junction boxes should be used where more than two tile 
mains join or where two or more laterals or mains join at 
different elevations. Where possible, junction boxes should 
be located in permanent fences or in non-cultivated areas 
with the cover above ground to provide easy access for 
inspection. If the junction point is in a cultivated field, the 
box should be constructed so that the top is at least 18 in 
below the surface of the ground. It can then be capped over 
with soil and its location “referenced in” so that it can be 
readily located. 

13 Relief Wells (Stand Pipe) 

Relief wells serve to relieve pressure in the line that 
might otherwise cause the tile line to blow out. A relief 
well can be constructed by placing a T connection in the line 
and cementing sewer pipe vertically into the T. The pipe 
should extend about one foot above the ground unless 
provisions have been made in the design for it to serve also 
as a surface inlet. The exposed end of the pipe should be 
covered with heavy wire mesh or some type of grating. The 
size of the riser tile should be equal to the diameter of the 
tile line or one or two sizes smaller, depending upon the 
amount of overload. 

Relief wells should be located as follows: 

(a) At points where the tile line might become over- 
loaded for a short period of time such as at the end of a 
steep section as noted in Section II (8). 

(6) On lines that have surface inlets and particularly 
below large surface inlets. 

(c) They can sometimes be used to advantage in im- 
proving existing mains that are temporarily overloaded 
causing blowouts. However, the installation of a relief 
line paralleling the existing main should be the first 
consideration. 


14 Surface Inlets 

Surface inlets always add another hazard to the main- 
tenance of a tile system and should be used only when the 
construction of waterways to remove the impounded water is 
not feasible or is impractical. It is good practice to locate 
the inlet on laterals or at least 20 ft to one side of the main 
since inlets are a frequent source of trouble. All open- 
surface inlets should be provided with some type of grating 
to exclude coarse debris. All open surface inlets should be 
provided with a sediment trap or a built-in sediment trap 
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should be located immediately downstream from the inlet at 
some convenient location. 
15 Sediment Traps 

Sediment traps should be used on tile lines that extend 
through fine sand pockets or extended sandy areas where 
there is a tendency for fine sand to enter the tile through the 
tile joints. They should also be used in connection with open 
surface inlets as specified in the preceding paragraph. The 
sediment trap should be so constructed that a storage area is 
provided below the grade line of the tile for collecting the 
sediment that is carried into the trap by the incoming tile 
line. Some type of baffle or 90-deg tile elbow attached to 
the outlet tile line should be used to promote desilting. 
16 Interception of Seepage 

Hillside seepage should be removed by locating the tile 
line across and intercepting the path of flow. The tile lme 
should be placed approximately at the impervious layer 
along which the seepage water travels. 
17 Trees 

Where possible all water-loving trees, such as willow, 
elm, soft maple and cottonwood should be removed for a 
distance of approximately 100 ft on each side of the tile line. 
A clearance of about 50 ft should be maintained from other 
species of trees. If the trees cannot be removed or the line 
rerouted, a closed tile line should be constructed of sewer 
pipe with cemented joints and this type of construction 
should extend throughout the root-zone area of the tree or 
trees. However, orchards are sometimes drained by tile, but 
the life of the drain may be limited. 
18 Plan 

A plan should be prepared for each tile installation by 
the designer for use of the contractor during construction 
and for the owner as a record of the installation. It is 
desirable that this record be filed with the abstract or deed. 
The plan should include a map of the installation showing 
accurate location and size of all tile lines and appurtenances 
installed together with a profile or copy of the staking notes 
on the mains and submains. 

SECTION III. CONSTRUCTION 

1 Setting Grade Stakes 

Stakes to govern alignment and grade should be set 
100 ft or less apart on straight lines and 50 ft or less on 
curves for all tile lines to be constructed. Grade stakes 
should always be set with an engineer's level. 
2 Setting Targets 

Targets should always be used as a guide by which to 
finish the tile trench bottom to exact grade on all tile-line 
construction. Targets should be set at not less than three 
stakes along any given strip of continuous grade at one time. 
Key targets should be set at 500-700-ft intervals, or at 
points of change in grade, as required by each respective 
grade stake. Intermediate targets may be set in correct 
position by carefully sighting between key targets. Then 
each target should be checked for depth of cut as indicated 
by its respective grade stake. 
3 Starting Point 

Installation of all tile lines should begin at the outlet and 
progress upstream. 
4 Trench Width 

The minimum trench width measured at the top of the 
tile should not be less than the outside diameter of the tile 
plus 0.5 ft. 
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5 Tile Bed 

The tile bed should be in accordance with the recom- 
mendations given in Section IT (Ge). 
6 Trench Alignment 

On straight lines the tile trench should be excavated true 
to the line as staked. On curves the trench should be ex- 
cavated on a true curve and not on chords with sharp turns 
at the stakes. 


7 Correction for Overdigging Grade 

If the trench ts excavated below tile grade, it should be 
filled back cither with graded gravel or well-pulverized soil 
which must be tamped sufficiently to provide a firm founda- 
tion. The bottom of the trench must again be planed to 
grade and shaped. 

8 Laying the Tile 

Each tile should be laid true to line and grade and 
firmly bedded in the bottom of the trench, except as pro- 
vided in Section IIf (16). The tile should be kept laid up 
to within a few feet of the finished trench. Where neces- 
sary, the tile should be turned on its horizontal axis so that 
there is no misalignment of the tiles at the joints, cither 
vertically or horizontally. 

9 Jommts 

The tile should be laid so that the gap between tile will 
conform as nearly as possible to the following recom- 
mendations: 

(a) Sandy Soil (Tight fit). The tile should be laid and 

turned to avoid excessive cracks at the joints. They 

should be fitted together as tight as will result when 
three tiles of the smaller diameters, after laying, are 
butted together by shoving with the foot on the end of 
the last of the three laid. Larger tile may be shoved 
together by using a board of moderate length as a pry. 

(b) Silt and Loam Soil. About '% in. 

(c) Clay Soil. Ye in, except where local experience indi- 

cates wider spacing. 

(d) Peat and Muck. 4 to % in. 

When the kinds of soils listed in (4), (c) and (d) above 
are encountered, care should be exercised in the placing of 
the tile so that the joint spacing falls within the ranges 
given. This ts important, as tight joints will seal over and 
joints that are too large will permit soil to be washed into 
the tile. These conditions can be overcome by special blind- 
ing as outlined in paragraph 17 of this section (Section HE). 

Where large gaps occur between tile, as on the outer side 
of a curve in the tile line, the joints should be covered with 
broken pieces of tile or in some other cqually acceptable 
manner, 


10 Construction Features in Sandy Soils 
When sandy soils are encountered, special construction 
features are required depending upon the type and condt- 
tion of the sand as follows: 
(a) In fine sandy soil where the trench bottom ts stable, 
the following recommendations should be followed: 
(1) Use only good quality tile, uniform in shape 
and size with smooth ends. 
(2) Lay the tile so as to secure the snuggest fit 
possible 
(3) The upper two-thirds of the joint should be 
covered with burlap, building paper or other ac- 
ceptable material to prevent the fine material from 
entering the drain. 
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(b) In soils containing quicksand (water-bearing sand ) 
extreme care must be taken to exclude sedimentary ma- 
terial from entering the tile and to secure uniform grades 
in firm foundations. The following factors should be 
observed when draining these soils: 

(1) Construct tile drains only when soil profile is in 
driest possible condition. 
(2) Select only tile of exceptional quality with re- 
gard to uniformity in size, shape and smoothness of 
ends, 
(3) Cover the upper two-thirds of joints with coal- 
tar-saturated building paper. 
(4) When the objective is to extend tile through 
quicksand pocket only, sewer tile calked with oakum 
or continuous rigid pipe may be used in place 
of draintile. When using metal pipe, joints should 
be wrapped with coal-tar-saturated paper and clamped 
with regular manufactured connecting bands. 

(5) Filters are recommended in localities where 

filter material may be secured readily. Frequently 

well-constructed filters serve also to stabilize sub- 
grade. The following types of filters and stabilizing 
materials have been successful: 
(a) Construct a gravel envelope by placing 
enough graded gravel or crushed limestone in 
trench to stabilize subgrade, lay tile, place coal- 
tar-saturated paper and cover with the graded stone. 
(b) Excavate below grade to a sufficient depth to 
encase the tile line with at least 4 in of a stable 
soil, either loam, clay or mixture of the same. 
(c) Place good, tough sod in bottom of trench 
and lay tile on this. Then completely cover tile 
with sod. 
(6) In some of the worst quicksands, filters do not 
furnish adequate support of tile for maintaining uniform 
grades. Tile should be placed in cradle when draining 
these soils. 

The cradle is constructed by placing wooden plank 
in bottom of ditch and nailing strips along top edges to 
form trough for tile. Width of plank should be approx- 
imately equal to the outside diameter of tile. Junctions 
of boards and strips are staggered in order to give 
rigidity to cradle and thereby furnishing continuous sup- 
port throughout its entire length. 

Occasionally it is necessary to place cradle on piling. 
Piling is constructed by driving pairs of posts along 
edges of trench. Posts should be driven deep enough 
into the subgrade material to become firm. Crosstimbers 
of 2x 2-in material nailed to opposite posts support 
the cradle. 

(7) Sheet piling, pumping, freezing and various other 
means have been used to install pipe in unstable soils. 
Without exception, all such methods are so expensive 
that none can be justified except in cases of outlets which 
serve unusually large areas of real or potentially high- 
priced lands. 
Ll Construction Features for Mains or Steep Grades 
Special construction features to maintain alignment of 
mains or steep grades should be used in locations as specified 
in Section If (8). These special features shall consist of : 
(a) Use only tile uniform in size and shape with smooth 
ends. (Continued on page 485) 
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F ALL the problems directly affecting actual crop 
yields and farm income, the subject of proper 
land preparation, as it pertains to improving ir- 

rigation and surface drainage, has probably been given the 
least attention. Over the years farmers have learned how 
to plow, seed and fertilize to improve their yields, and 
the research and development studies on seed, which have 
led to hybrid sceds and greater germination, have all con- 
tributed to increasing the yicld per acre. It was somewhat 
startling, however, to learn on the authority of the U. S. 
Department of Agriculture that in recent years, even with the 
advent of hybrid corn and the extensive use of commercial 
fertilizers, the average yield for that crop had been increased 
only 10 bu per acre. This same report stated that within a few 
years an additional increase of 8 bu per acre must be realized 
to supply our growing population with sufficient corn. In 
coming years we can achieve at least some of the yield in- 
crease necessary by paying closer attention to land prepara- 
tion for better irrigation and better surface drainage. 

In past years insufficient land preparation has been done 
in the irrigated areas, The ground surface which was left 
to us by nature is seldom suited for the efficient applica- 
tion of water. In general, we have accepted the topography 
of the fields as it existed, and irrigation systems were de- 
signed to fit the natural topography of the ground. This 
resulted in smaller fields with a hodgepodge of row direc- 
tions. In many cases water was put on slopes which were 
too steep for irrigation. The ultimate result was noted in 
three distinct ways. Serious erosion problems resulted. 
Excessive amounts of labor and water were necessary for 
water distribution. Waste water at the lower ends of the 
field created drainage problems. In this connection, it is 
interesting to note that over 20 per cent of the total 
irrigated land area in Colorado is included in drainage 
enterprises which were organized primarily to rid the land 
of seepage from overirrigation, and for control or pre- 


This paper was presented at a meeting of the Rocky Mountain 
Section of the American Society of Agricultural Engineers at 
Logan, Utah, May, 1952. 


The author —— J. W. Borpbéin is vice-president, Eversman 
Mfg. Co. 


Land Preparation by Leveling 


J. W. Borden 
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vention of alkali accumulation. In recent years there seems 
to be a tendency throughout the irrigated territory of the 
United States to loo before leaping, and to develop 
definite land-preparation plan. Also, for the first time, 
i section was added to the 1952 agricultural conservation 
program for “shaping or land grading to provide per- 
manent slopes necded for surface drainage.” If the farmer, 
through consultation with his jocal technicians, will formu- 
late a definite plan, he can modify the land surface and 
predetermine the irrigation system so that he can obtain 
uniform slopes, climinaic the practice of irmgating steep 
slopes, reduce the number of fields, and, consequently, the 
aumber of row directions, and, of utmost importance, 
irrigate his ficlds with less labor and by using less water. 


The Leveling Operation, After a farmer has consulted 
with his local technical agencies and decided on an irri- 
gation system which is efficient, his next consideration must 
be preparation of the ground surface by leveling. The ex- 
tent to which the ground surface should be leveled depends 
largely on the depth of soil and the cost of leveling. Where 
high-value crops are grown, and where the farmer has capt 
tal to invest for the work, the quickest way for him to 
get into crop production is to hire heavy-duty equipment 
from either local contractors or his soil conservation dis- 
trict. If movement of large yardages of earth is not neces- 
sary, then it is entirely feasible, with present-day machines, 
for the farmer to do his own grading and finishing work. 

The object of land leveling is to achieve efficient 
irrigation by moving the least possible yardage of earth. 
The ideal sought in handling irrigation water is to allow 
the water to spread as evenly as possible over the field 
surface, and to carry off any excess gently with a minimum 
loss of top soil. When referring to leveling, we actually 
have in mind two separate operations. First is earth mov- 
ing or grading, which consists of actually cutting off the 
ridges and filling in the low spots to rework or revise 
the general slope of the field. 

At this point it might be well to consider the question, 
“How much can the farmer spend for grading to change 
the slope of his fields?” In the higher altitude farming 
communities, which have short crop 
seasons, many farmers have ex- 
ceeded the practical limits of ex- 
pense on earth-moving — projects. 
These farmers may have read or 
heard of a project similar to their 
own, in yardage moved and ex- 
pense, in Arizona or the Imperial 
Valley or San Joaquin Valley of 
California. They fail to realize that 
in these latter territories, several 
high-value vegetable crops are 
grown cach year, which justify a 
high expense for drilling and pump- 
ing water, and for moving earth. 
The practicability of such a job 


A land leveler in use in the corn belt for smoothing land to improve surface drainage ust, of course, have been pre- 
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determined in the farm plan and by proper consultation 
and investigation on the part of the local technicians. 
There seems to be a definite tendency on the part of oper- 
ators in the highly productive areas to stock-pile the top 
soil on fields which require deep cuts. By pulling the good 
soil to the side, making the cuts and fills necessary, and 
then returning the top soil to both the cut and filled areas, 
they can put land into production much sooner. It is ex- 
pensive but not nearly so costly as having 5 ft of good 
soil in the holes and barren spots in the rest of the field. 

There are various methods of accomplishing the land- 
grading work, depending entirely on the individual job. 
If the cuts are small —- under 6 in — and the longer hauls 
are around 300 ft, it is possible to do this work with a 
land leveler or small scraper, used with the tractor on the 
farm. Levelers are available in a range of sizes. This en- 
ables the smaller farmer with a small wheel tractor to 
accomplish as perfect a job on his fields as the larger 
operator who might be in a better position to hire or buy 
heavier equipment. One farmer has stated that he had 
his 12-year-old son remove a ridge in his fields which 
was over 5 ft high and 160 ft long. We have found in 
a good many sections of the country that it has been ex- 
tremely difficult to get farmers to accept the idea of level- 
ing by hiring heavy equipment. They have shown much 
more interest and willingness to accomplish the job when 
the emphasis by the local technicians was shifted in the 
direction of having the farmer do this work with small 
equipment on his own time. On our own experimental 
farm near Denver, we conducted a leveling project in the 
fall of 1949. With a Farmail M tractor and a Model 289 
Eversman leveler, we moved 5500 cu yd of dirt and finished 
the work at a cost of $347. This figure included the 
tractor operator's wages. A 6-yd carry-all, available to the 
district, would have done this work in considerably les; 
time. The estimate on this yardage was $732. What is 
more important, however, after this cash had been paid 
out for hiring the carry-all and tractor, some kind of 
finishing tool would still have to be purchased or rented 
in order to complete the job, 

STAKE OUT FIELD IN RECTANGULAR COORDINATES 

It is normally necessary to stake out the field in rec- 
tangular coordinates, the stake lines being placed at either 
50 or 100 ft, depending on the condition of the field 
involved. A topographical survey is then made by the 
local technician, or in some cases by the farmer himself, 
and an accurate topographic map made. In many instances, 
a careful analysis of the topographic map will disclose 
that portions of the fields can be balanced for short hauls. 
That is, the yardage in adjacent cuts and fills wili be about 
equal so that these adjustments can be made by shorter 
trips and possibly save many hours of field work. As soon 
as the cuts and fills are figured, these are marked on the 
individual stakes and the actual field leveling can proceed. 
It is wise to re-survey the field after grading and finishing. 
However, if this is not done, there is no doubt in the 
farmer's mind as to where a mistake was made the first 
time he attempts to irrigate. When extensive grading has 
been done, the farmer will undoubtedly improve his field 
by deep chiseling and by planting soil-building crops be- 
fore he attempts to go immediately into high-production 
farming. 
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The second step in leveling, after grading has been 
accomplished, is what we refer to as finishing, automatic 
leveling, planing or floating. It eliminates minor surface 
irregularitics and prepares a fine-textured, firm and fertile 
seedbed. 

With the precision land-leveling equipment now avail- 
able for almost any size of farm tractor, every farmer can 
prepare his fields for efficient irrigation. As a result, the 
crop yield increases, often to double, and as much as 10 
to 25 per cent less water is necessary to irrigate the fields. 
The land, quite naturally, builds up in quality and value, 
and expensive time and labor is saved on properly leveled 
fields. The cost of the leveler is repaid over and over 
again as it is used each year. In the irrigated sections of 
the United States, many farmers realize that they must level 
first, then plant. The savings in time necessary to irrigate 
each piece of land are substantial. Valuable water can be 
saved and the flow of water from one end of the rows to 
the other is achieved, 

FINISHING OR AUTOMATIC LEVELING 


It is important also to think of the finishing or auto- 
matic-leveling operation in terms of the maintenance or 
continuing year-to-year leveling work, which is as necessary 
as the original job of preparing the land for irrigation. 
The ground surface is disturbed from season to season by 
normal farming operations, by wind, by heavy rains, and 
by one-way plowing. These irregularities in the ground 
surface can totally erase the benefits of the grading job if 
floating the surface is not done every year before planting. 
Considerable cash outlay might be saved by not using the 
carry-all to finish fields to the final degree, but doing the 
finishing job necessary with smaller equipment which can 
be handled with the farmer's own tractor, and on his own 
time. A soil conservation district in Colorado reports that 
their leveling practice is to do all the heavy cutting and 
a rough leveling job with carry-all equipment and then 
follow up to obtain the final degree of perfection with a 
leveler. They have found that this method has lowered 
their farmers’ leveling cost at least 3c per cu yd. This 
represents a sizeable saving to the farmer. It is impossible 
to overstress the importance of maintaining the fields once 
they are prepared for irrigation. It is common to observe 
ficlds in which yields have been reduced 25 to 30 per cent 
by improper water distribution. 


Land-Leveling Equipment. There are many types of 
carth-moving equipment. Careful thought and planning 
should be done in order to obtain the tools best suited to 
the particular work. The carry-all scraper is more eco- 
nomical if the job involves moving large quantities of soil 


over a considerable distance. In this category there are 
carry-alls available for use with every size of tractor from 
two-plow up. If large volumes of earth are to be moved 
over a shorter haul, then the sernicarry-all, drag scraper, 
roll-over scraper, or possibly even the bulldozer, can be 
used effectively. For the finishing or floating work, a variety 
of levelers and planes are available. Even the homemade 
wooden drag has its place, and while it is not very efficient, 
it is the inception at least of better land preparation and 
seedbed construction, Where farmers are found who feel 
they cannot afford a manufactured leveler, it is most earn- 
estly suggested that they construct their own wooden drag, 
since use of this tool is better than (Continued on page 498) 
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A. A. PoTTER 


O DOUBT the Jury of Awards of the American 
Society of Agricultural Engineers hewed to the line 
of agricultural engineering achievement in choosing 

Andrey Abraham Potter to receive the Cyrus Hall McCor- 
mick Gold Medal for 1953. But overshadowing the merit 
of his professional achievement is the inspiration of his life, 
his stature as a great American—and that not as a native son 
but as an adopted child. 


It was in Vilna, Russia, on August 5, 1882, that Andrey 
was born the son of Gregor and Rivza (Pclonsky) Potter. 
He came to America at the age of fifteen. Yet before that- 
when he was twelve and his family was living. in Europe— 
he read in French translation the autobiography of Benjamin 
Franklin. And so, before he set foot on these shores, he 
began to be an American, for in those pages he saw some- 
thing of the spirit and meaning of America. Small wonder 
that among his almost countless honors was the American- 
ism Award in 1950. 

Following graduation as a bachelor of science from 
Massachusetts Institute of Technology in 1903 he worked 
two years for General Electric at Schenectady, N. Y., a con- 
nection he renewed in 1913 for a shorter period at the 
General Electric plant at Lynn, Mass. This latter was hardly 
a hiatus in his career of fifteen years at Kansas State College, 
begun in 1905, where he started as assistant professor of 
mechanical engineering. 

In due course he became full professor, and in 1913 was 
made dean of the division of engineering as well as director 
of the engineering experiment station. The year 1913 was 
notable, too, for first publication of his book “Farm Mo- 
tors,’ which has gone through several editions and con- 
tinues as a classic text. 

Dean Potter's share in the advancement of agricultural 
engineering is all the more remarkable since the record 
reveals no direct connection or formal title within the profes- 
sion. But oldsters recall that about 1910, before the farm 
tractor was out of its swaddling clothes, Professor Potter 
sponsored a tractor plowing contest near Hutchinson, Kan- 
sas — and no matter now that it (Contimued on page 484) 


The 1953 ASAE Gold Medalists 


The American Society 
of Agricultural Engineers 
awarded the Cyrus Hall 

McCormick Medal to 
Andrey A. Potter 
and the 
John Deere Medal to 
Orson W. Israelsen 
at Pittsburgh, Pa., on June 17 


O. W. ISRAELSEN 


HOICE of Orson W. Israclsen by the Jury of Awards 
of the American Socicty of Agricultural Engincers to 
be the John Deere Gold Medalist for 1953 might 

well be based on any of three aspects of his career—research, 
teaching, or practicing and consulting enginecring. Yet 
somehow the height of his attainment seems overshadowed 
by the lofty rectitude and fortitude of his personality, his 
caliber as a man. 

Orson W. Israclsen was born December 25, 1887, in the 
Cache Valley at Hyrum, Utah. His parents were immigrant 
pioneers of humble estate. Growing up as a farm boy he 
did his share of chores and other farm tasks. When the 
time came that he needed a picture to appear in his high 
school yearbook, he carned it by building a pasture fence 
for the photographer. 


He was graduated a bachelor of science in 1912 from 
Utah State Agricultural College. He had started in business 
administration, partly at the suggestion of a lifelong girl 
friend. Before the year was out, inspired by the vision of 
the late Dr. John A. Widtsoe, he pointed his studies toward 
irrigation science and engineering. But the girl friend still 
got the last word. In his junior year she married him, took 
in boarders, and became his partner and assistant for all of 
the years thereafter. 


Continuing his studics at the University of California, 
he took a master’s degree in irrigation engineering in 1914. 
There, too, after a later sojourn, “by original research in 
irrigation’ he received his Ph.D. in 1925. Meanwhile, 
during much of 1913, he had begun studying distribution 
of water in soil for the U.S. Department of Agriculture, and 
continued similar studies for the University of California 
during 1914-16. 


In the summer of 1916 Dr. Israelsen returned to Utah 
State Agricultural College as a member of the faculty, and 
there—except time out for his doctorate study in California 
—he has continued ever since. After assistant and associate 
professorships he became, in 1919, professor of irrigation 
and drainage enginecring. For some eighteen years he has 
been head of the department, and has served as acting dean 
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of the school of engineering. In the allied agricultural 
experiment station he has held research professorship paral- 
lel to the teacher's rank in the college 

Almost from the start, beginning the summer of 1917, 
he has been repeatedly, almost regularly, in active or con- 
sulting practice. A list of more than thirty engineering 
engagements show them to run from a few days to several 
years, some overlapping and some still continuing. Geo- 
graphically they range from Canada to Brazil, though most 
of them are in his own or neighboring counties or states. 

Dr. Israclsen designed the hydraulic laboratory for the 
school of enginecring in his own college, drainage and 
culinary water systems for towns of Newton and North 
Logan, as wel as drainage and irrigation improvements for 
a considerable number of districts, counties and corpora- 
tions. As engineer, consultant or collaborator he has served 
federal agencies including the Land Bank of Berkeley, the 
USDA bureaus (when they were separate) of agricultural 
engineering and of plant industry, and the Soil Conserva- 
tion Service. 


AGRICULTURAL ENGINEERING ASPECTS OF WATER 
Naturally most of his connections were with water com- 
panics, drainage districts, and kindred entities concerned 
with agricultural engineering aspects of water. A_ slight 
exception was a coal company for which he was consultant 
on pumping ground water for domestic and industrial uses. 
To those who know of Dr. Israclsen only by his works, 
it may well be an astounding revelation that for more than 
half his professional career he has heard no sound what- 
It was in May, 1928, that he was stricken with 
epidemic spinal meningitis, of such severity as to imperil 
life, and with dramatic abruptness—a matter of minutes- 


passed forever into a world of complete silence. Colleagues 


socver. 


and personal friends marvel at his mastery of new modes 
of communication, and his fortitude—almost to the point of 
nonchalance—in making the necessary adjustments in modus 
vivendi, Outside those personal circles there has been no 
apparent change in his activities and achievement 

As one of the West's (if not the world’s) highest au 
thorities on water in dry regions, it was almost inevitable 
that he should become an expert witness in court cases aris- 
ing from conflicting interests and conflicting tdeas as to 
rights in and use of precious water. Backed by the immen- 
sity of his technical knowledge and the orderly, albeit at 
times laconic, manner of his mind, his lack of hearing 
helped him to become something of a modern oracle. 

As an author, Dr. Israclsen is perhaps most widely 
known for his textbook “Irrigation Principles and Prac- 
tices,” first published in 1932 and still a standard—if not 
the standard—work on the subject. In a bibliography listing 
38 he 
deals with practically every aspect of irrigation water, from 
its sources on and under the ground, through canals and 


courts, its behavior in soils and in living plants, and finally 


him as sole author of 31 titles and collaborator in 


its disposition by drainage. He has written alike for farm 
papers and experiment station circulars, and for the most 
learned of technical journals, among them AGRICULTURAL 
ENGINEERING. 

Now a Life Fellow, Dr. Israelsen became a member of 
the American Society of Agricultural Engineers in 1914, at 
the threshold of his professional career. He is a_past- 
president of the Utah Academy of Science, Arts and Letters. 
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Other memberships include American Society of Civil En- 
gincers, American Association for the Advancement of 
Science, American Geophysical Union, American Society 
for Engineering Education, Idaho Reclamation Association, 
the International Mark Twain Society, and the societies of 
Sigma Xi and Phi Kappa Phi. 

In addition to Dr. Israelsen’s accomplishments as an 
irrigation and drainage engineer, many of his students say 
that his greatness lies in his influence on the lives of young 
engineers. He has the unusual ability to teach engincers 
how to study, to convince them that work should be pleasure, 
rather than drudgery, and that success is measured by accom- 
plishments, and by contributions to the public welfare, more 
than by the accumulation of money. 

He has been much more than a teacher. He has been a 
“second” father to students—guiding, counseling, encourag- 
ing and inspiring. Years after students have completed their 
work in his classroom, they call at his home with the same 
freedom and fondness that his own children do. His stu- 
dents, who have excelled in many engineering fields, are a 
monument to his greatest contribution to society. 

He is an active member and has held various positions 
in the Church of Jesus Christ of Latter Day Saints. He and 
his wife, the former Jennie Mae Allen, have six surviving 
children and nine grandchildren. He is known as a horse- 
man at home in the saddle, a huntsman who brings back his 
deer, and a chess player at whose hearth are welcomed op- 
ponents from the wide world, kindred spirits among his 
students who hail from far-off lands. 


Andrey A. Potter 


(Continued from page 483) 
was pretty well rained out. It was in those years that he 
sensed the significance of engineering in agriculture, and 
nurtured the profession in its infancy. He was responsible 
for establishment of the professional curriculum at Kansas 
State—one of the very first few both in establishment and in 
accreditation by the Engineers’ Council for Professional 
Development. 


Perhaps more important than his own pionecring has 
been his steady and sturdy support of agricultural engincer- 
ing in the Association of Land-Grant Colleges and Univer- 
sities whereby these institutions in 17 states now have fully 
ECPD accredited curriculums. Similarly helpful was his 
support during his chairmanship of the Committce on Engi- 
neering Schools of ECPD. 

In 1920 Dean Potter left Kansas to become dean of the 
enginecring schools and director of the engineering experi- 
ment station at Purdue University, his present position. Dur- 
ing 1945-46 he bore added duties as acting president of the 
University, president and director of its aeronautics corpora- 
tion, and ts research foundation. 

Besides his bachelor’s degree, he holds honorary doc- 
torates as follows: In engineering from Kansas State Col- 
lege, Rose Polytechnic Institute, South Dakota School of 
Mines and Technology; in science from Alfred University, 
Northeastern University, and Northwestern University; in 
laws from Norwich University. He has been a member of 
Sigma Tau, Tau Beta Pi, Phi Kappa Phi, Sigma Xi, Scab- 
bard and Blade. He is a Mason 33°, honorary Rotarian, 
Republican and Presbyterian. (Continued on page 485) 
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Design and Construction of Tile Drains 
(Continued from page 480) 
(b) Lay the tile so as to secure the snuggest fit possible 
with the inside diameter of one tile matching that of the 
adjoining tiles. 
(c) Tamp clay carefully under and around the tile be- 
fore backfilling. 


12 Keeping Tile Clean 
The tile should be kept clean while laying. All dirt in 
the tile should be removed before the next tile is laid. 


13 Ledge Rock 

When ledge rock is encountered at grade, the trench 
should be excavated to a depth of about 6 in below grade 
and this space filled with graded gravel. Then the bottom 
of the trench must be shaped and planed to grade. 


14 Protection During Construction 

At the end of each day's work the end of the tile line 
being placed should be completely closed by a wooden or 
metal plate or some other device to prevent sediment or 
debris from entering the line in the event of rain. The ends 
of all tile drains should be tightly closed with a plate, brick, 
or some other suitable material. 


'> Inspection 

All lines should be carefully inspected prior to back- 
filling to determine if they are true to grade, alignment and 
other specifications that apply to the particular job. 


16 Allowable Variation from Grade 

The constructed grade must be such that the tile line as 
constructed will provide the capacity required for the area to 
be drained in accordance with Section II (2). This means 
that a slight decrease of the grade can be tolerated when the 
required capacity is equal to or less than the actual capacity 
of the tile on the decreased grade. A slight “sag” in the 
grade line is less harmful than a “hump” in the line. A 
gradual change over a distance of not less than 30 or 40 ft 
with a deviation of 12' to 15 percent of the interior diam- 
eter of the tile for sizes up to 8 in and 8 to 10 percent for 
tile sizes over 8 in generally will not result in any appreci- 
able reduction in the carrying capacity of the line. However, 
a ‘sag’ and a “hump’’ of the above percentages, both occur- 
ing within a distance of 100 ft should not be permitted. 


17 Blinding 

Blinding consists of placing around and covering of the 
tile toa depth of from 6 to 12 in with loose, mellow topsoil. 
Sand should not be placed directly on or around the tile. 
Blinding should follow soon after the tile are laid. All tile 
laid should be blinded by the end of any day's work. Care 
must be exercised during the blinding operation so that 
batted joints and alignment of the tile are not disturbed. In 
tight soils or where suitable topsoil is not avafable a layer 
of several inches of well-graded gravel or coarse cinders 
spread over the tile prevents the joints from sealing and 
facilitates drainage. Hay, straw, corncobs or other vegetative 
material can be used as a covering for the joints, but the 
period of usefulness of these materials ts limited. 

Acceptable methods of machine blinding and backfilling 
can be used provided the soil ts not sandy, is of average 
permeability and contains no large stones that might damage 
the tile when falling into the trench. 


ass 


18 Backfill 

The backfilling of the trench should be completed as 
rapidly as is consistent with the progress of the work, and 
should always be done before the backfill material freezes 
All earth removed from the trench should be returned to and 
heaped above the surtace of the ground at the trench in suc h 
a manner as to insure against objectional depressions once 
settlement has taken place. 


Andrey A. Potter 


(Continued from page 484) 

In the realm of technical and professional memberships, 
with honors and responsibilities appertaining, Dean Potter's 
record defies brevity. His presidencies include American 
Society of Mechanical Engineers, the Kansas and Indiana 
engineering societies, American Society for Engineering 
Education, American Engineering Council, and Bituminous 
Coal Research, Inc. 

As other officer, trustee or chairman of important activ- 
ity, he has served the American Association for the Advance- 
ment of Science, Engineers’ Council for Professional Devel- 
opment, Engineering Foundation, and Association of Land- 
Grant Colleges and Universities. Honorary memberships in- 
clude several of the foregoing and the American Association 
of University Professors, National Association of Power 
Engineers, and Institute of Traffic Engineers. 

On advisory boards or in comparable capacities he has 
served the Association of American Railroads, National 
Electric Light Association, U.S. Naval Consulting Board, 
U.S. Bureau and later U.S. Office of Education, National 
Resources Committee, National Patent Planning Commis- 
sion, and other state and federal bodies of kindred sort. He 
is now serving as a member of the National Science Founda- 
tion Board. He has served his alma mater, MIT, as a mem- 
ber of the visiting committee on mechanical engineering and 
on the panel for its mid century convocation. 

Besides his pioneer text on farm motors, Dean Potter ts 
author of authoritative books on elements of steam and gas 
power, and on engineering thermodynamics, also a contribu- 
tion to American problems of reconstruction, dated 1918 
Through the years he has written more than three hundred 
articles for engineering and educational publications. 

Besides his present honor, and the Americanism Award 
already mentioned, Dean Potter was the Lamme Medalist in 
1940, winner of the Washington Award, Northwestern 
University Centennial Award, and the U.S. Navy Distin- 
guished Public Service Award in 1943. It may well testify 
to the measure of the man that amid the breadth of his 
activities, rising to high honor in several fields, he now at 
tains one of the two top awards in agricultural engincering. 

Dean Potter's wife was Eva Burtner, of Manhattan, 
Kansas, whom he married in 1906. Their children are James 
Gregor, a physicist, and Helen, an economist. As to hobbies, 
the dean mentions music, reading, writing—and young peo- 
ple. Others mention that he plays the ocarina, and that he 
always makes occasion to be friendly with little children 

Here, perhaps, we come to the intangible which has 
made Dean Potter not only a great engineer but a great 
teacher of engincers—his human qualities that have inspired 
as well as instructed his students, that have carned the affec 
tion as well as the respect of colleagues. As a loyal son of 
his adopted land he has been a wise and elder brother to 
generations of its youth. 


: 


e 5s ee 3 \) -, Shy et” 
a Pace Seis es phn eae i, ee Wis pee ee: 3) i iad SoM” (Gamera ste aes ee A a Be A 
ns Gee a Se di Sie ag + - res , 2 Pea OG ee RR SURRRER SS cto ee en : Hip bes 2a 
gn ————— " se ine ee he i ge Ri ch BE cn ON ac Sea > se ige 
. 7 re eee te 2h eae Naas, 5 aia a “ Chee teeta Mie Spee ape sy, | aaa © , 
: . wait i. ; ; a : ee =r. ~ eg bi a Sed ey. & eed Reve a4 e eal, Bes ee cise MSY te ‘ Pal 
Ee $ RO ee Se rE to ie he. pies Sa se = i AN oe ae 
ee 
poy | 
| 
| fey 
4 | 
24 
ae 
iat 
a 
oe, 
pi dis Catt abies aaa cep aie pee 
é 3 . jae Bes, rake ei eae eee ; 
7 see ae eee a se eta | SY SO GSS ae ee | 
‘ 1 Be. eee - Sea RP a9) aa = a a al ss (Se ot 
ee ou a By g a, rae Pas ARTS SS Ble Mat eompe oe cia eae ve page oy : i a 
. Pa a Bae ae eee ira Beet wih se ce the RR oa ; 2 s | 
a + a i. eae foe ae BEd ee cay ml ih aR vag ds sey se ar eae a ie ; i ot : | 
+ ot ee oa Gis ay Ay, Pook ag se Sa at a a. 5 ae é ; | 7 
Pee 4 - ra 3 POG eae Pare ace ae : er | 
mein é it etic Sa5N- RR race Lag Sie nam oe F i Sok ; hie ; ap tel | ie k 


486 


emvanainnssnnnere ean vnase nati 


SU ASHRAM THAD 


ata 


amnngu niin 


OULU I LAUT LAA44 VOHRA SNEBOUE RUE DDAARRNOAA HTN 


Fruitful ASAE Annual Meeting 
AGRICULTURAL engineers from wide areas of the United States, 


Canada, and a few other countries gathered at Pittsburgh, Pa., 
June 14 to 17, for the 46th Annual Meeting of the American 
Society of Agricultural Engineers. Total attendance added up to 
around 700, 

Location of the mecting in a center of production of engineering 
materials and equipment was reflected in the program. Tuesday 
afternoon and Wednesday forenoon tours to nationally known 
manufacturing plants and research laboratories in the Pittsburgh 
area proved exceptionally popular. Those visited included the Alcoa 


plant, U.S. Steel Irwin Works, Gulf Oil research laboratories, 
Westinghouse Electric East Pittsburgh plant, Mellon Institute of 
Industrial Research, Jones and Laughlin Steel Southside plant, 


American Steel and Wire Rankin Works, Gardner Displays Co., 
H. J. Heinz Co., Pittsburgh Forgings Coraopolis plant, Mine Safety 
Appliances Co., Pittsburgh Screw and Bolt Co., and McDowell 
Mfg. Co. 

Registration of early arrivals started Sunday at 1:00 p.m. and 
continued throughout the afternoon. By evening an estimated 300 
were on hand for the buffet supper and entertainment 

A second get-acquainted opportunity was provided Monday 
evening at the sponsors farm party and dance. Games, dances, and 
a spirit of informality were the rule of the evening, and for the 
remainder of the meeting everyone attending that event could as- 
sume that he had met everyone present. 

J. B. Stere, chairman of the 1952-53 Meetings Committec, oth- 
cially called the meeting to order Monday afternoon, for the opening 
general program, and introduced Ivan D. Wood, president of ASAE, 
who presided. Mr. Wood introduced David F. Austin, executive 
vice-president (commercial), United States Steel Corporation, as 
the featured speaker. Mr. Austin’s message on "Free Enterprise 
Our Heritage and Our Hope” was well received. 

Mr. Wood then delivered the President's Annual Address. In 
developing his title, “New Frontiers for Engineers,” he called atten- 
tion to conditions, achievements, and challenges in the agricultural 
engineering field as they impressed him during his year as president 
of the Society and from a lifelong background of experience and 
contacts as an agricultural engineer. 

At the Annual Business Meeting of the Society which followed, 
considerable attention was given to matters of cooperation with the 
American Society for Engineering Education and with the Engi- 
neers’ Council for Professional Development. 

The second general session Wednesday afternoon, sponsored by 
the College Division, MH an exposition of “How Not to Present 
a Technical Paper,’ by L. Rowley, Jr., editor of Power, McGraw- 
Hill Publishing Co aman of common errors led up to posi- 
tive recommendations for the engineer with limited or infrequent 
practice in public speaking. These included careful preparation, a 
speaking version, liberal use of notes, a conversational manner, and 
use of plain English. 

F. R. Jones, chairman of the College Division, presided, and 
introduced next M. M. Boring, General Electric Co., who spoke on 
‘Employment of College Personnel by Industry.” He emphasized 
the point that employers have been generally successful in judging 
a graduate engineer's technical ability and assigning the graduate to 
appropriate work. He indicated this to be true to the extent that 
practically all cases of failure of an engineer to get along well in his 
work are due to personality and human relations factors. 

In the concluding address of the afternoon, W. C. Van Dyck, 
Caterpillar Tractor Co., dealt with “Postgraduate Training Courses 
in Industry.” He spoke in terms of helping the graduate get oriented 
in his new environment and establish desirable habits of continuing 
personal and professional development 

In keeping with its traditions, the ASAE Annual Dinner brought 
the meeting to a fitting climax of good dining, good fellowship, fun, 
recognition, ceremony, and appreciation of the human significance of 
agricultural engineering. L. F. Livingston, past-president of ASAE, 
and manager, extension division, E. 1. duPont de Nemours and Co., 
presided as master of ceremonies. Following introductions he called 
upon President Wood to present the annual awards. In doing so, 
Mr. Wood first referred the audience to its program announcement 
of Journal Paper, FEL Trophy, Student Paper, and Student Honor 
Awards. He then made presentations, in turn, of the John Deere 
Medal to Orson W. Israelsen and of the Cyrus Hall McCormick 
Medal to Andrey A. Potter. Each responded with brief remarks 
indicating keen appreciation of the honor and satisfaction with 
their long associations with agricultural engineers and the progress 
of agricultural engineering. 
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ASAE Meetings Calendar 


August 31—September 2— NortH ATLANTIC SECTION, 
Long Island Agricultural and Technical Institute, 
Farmingdale, L. 1., N. Y. 


December 7-9—WINTER MEETING, Edgewater Beach Ho- 
tel, Chicago, Ill. 


June 20-23—47th ANNUAL MEETING, University of Min- 
nesota, Minneapolis. 


Note: Information on the above meetings, 
copies of programs, etc 
ASAE, St 


including 
.. Will be sent on request to 
Joseph, Michigan 


Mr. Livingston next called upon Wheeler McMillen, editor-in- 

chief of Farm Journal, for the address of the evening. Speaking on 
Angels and Engineers” he emphasized the contribution made by 

agricultural engineers to helping whole populations rise above the 
bare subsistence level of living, and the importance to world peace 
of greatly increased agricultural production efficiency among many 
additional peoples in various parts of the world. 

In the final business of the evening retiring President Wood 
turned the gavel of his office over to E. W. Tanquary, incoming 
president, who pledged his best efforts to the work of the Society. 
After pinning a “‘past-president’s’’ emblem on Mr. Wood, he de- 
clared the meeting adjourned. 

Technical division sessions Monday and Tuesday forenoon di- 
rected attention to some of the more immediate special interests of 
the four main technical fields in agricultural engineering. 

Students present enjoyed a special program arranged by the 
National Council of ASAE Student Branches and the ASAE Com- 
mittee on Student Branches. It included three regular sessions and a 
complimentary dinner by the Farm Equipment Institute. Following 
the dinner, presided over by F. Hanson, chairman of the FEI 
research committee, there were two addresses. President Wood 
spoke to the audience, including industry hosts as well as student 
guests, on “Expanding Horizons.” A. E. W. Johnson, vice-president 
and director of engineering, International Harvester Co., told them 

‘What the Farm Equipment Industry Expects of the Graduate En- 
gineer.” Edwin W. Tanquary, president-elect of ASAE, showed 
colored moving pictures on the development of a new tractor and 
implement hitch. 

Student Branches winning FEI trophies for the year were an- 
nounced at this dinner and presentation of the cups made by C. K. 
Beeman, chairman of the Committee on FEI Trophy Awards. Win- 
ners were the Pennsylvania Student Branch in Class A and the 
Ontario Student Branch in Class B. 

Student meetings were presided over by Morris E. 
president, and Wesley L. Harris, vice-president of the National 
Council of ASAE Student Branches. Officers of the Council for the 
new year, elected at its Wednesday afternoon session, are, president, 
Lawrence D. Meyer, University of Missouri; first vice-president, 
Charles L. Overman, North Carolina State College; second vice- 
president, Richard R. Russell, University of Vermont; and secretary, 
Deane E. Miller, lowa State College. 

Extension materials entered in the several classes of competition 
sponsored by the Committee on Extension were on exhibit through- 
out the meeting, along with limited educational exhibits by Pitts- 
burgh-area industries cooperating in sponsoring the meeting. Blue 
ribbon award winners will be reported in a separate news item. 

Many members took advantage of the time provided on Tuesday 
evening to attend one or more specialized group meetings along the 
lines . their special interests. A College Division program pro- 
vided a symposium on graduate instruction. The Committee on 
Seana and the Committee.on Animal Shelter Ventilation each 
offered a round table. The Commitee on Agricultural Processing 
reviewed its field and program. 

In addition to the Sunday, Monday and Wednesday evening 
affairs which the ladies attended with their husbands, a special 
ladies program for their daytime entertainment included a visit to 
the H. J. Heinz Plant, home of the “57 varieties.” 

Many of those attending bool keen satisfaction with the 
thoroughness and careful organization and procedure with which the 
Committee on Local Arrangements anticipated and cared for the 
comfort and pleasure of individual visitors as well as the over-all 
requirements of the program, The spirit of progress noted in Pitts- 
burgh proved a most congenial environment for agricultural engi- 
neers and their annual meeting. (News continued on page 488) 
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The Papec Model 45 Crop Blower uses a “Link Belt 12-in, a screw conveyor to feed forage from truck to blower. 


There’s no substitute for “total elle 
in screw conveyors 


LINK-BELT integrates all get the exact type and size for your particular 
components to give you the right requirements . . . engineered to suit your needs. 


screw conveyor for your machines In addition, Link-Belt Screw Conveyors are accu- 
rately made for easy assembly and smooth, long-life 
operation. They help to make your farm machinery 


designing task easier, more flexible. 


Here’s how “total engineering” works for you when 
you buy Link-Belt Screw Conveyors. First, Link- 
Belt conveyor specialists analyze your needs—then Ask the Link-Belt office near you for any engineer- 
recommend the right components. That means you ing assistance you need. 


Link-Belt builds augers and screw conveyors for farm machinery of all types 


, osh\ 4, Forage Post hole 
Combines f= <© harvesters << diggers 


Hay balers 


Grain 
loaders 
Cotton 
harvesters re, 
©BELT 
Manure SCREW CONVEYORS 
spreaders a he a ete teseeee Fay mormon ee 


Seattle, Toronto, Springs (South Africa), Sydney (Australia) 
Sales Offices in Principal Cities 13.143-B 
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NEWS SECTION (Continued from page 486) 


Organization Changes at ASAE Headquarters 
Office Announced 


HE Council of the American Society of Agricultural Engineers 

announces that at the closing session of its meeting, held in con- 
junction with the Society's 46th annual meeting at Pittsburgh, June 
14 to 17, it appointed Frank B. Lanham as the new Secretary of 
the Society for the ensuing year. 

Mr. Lanham, who has served for the past 15 months as an 
Assistant Secretary, is an agricultural engineering graduate, having 
received his B.S. degree from Virginia Polytechnical Institute in 
1935, also M.S. and Ph.D. degrees from lowa State College in 1936 
and 1952, respectively. He is a veteran of World War II and saw 
service with the U.S. Army in the Southwest Pacific theater, being 
released with the rank of lieutenant colonel. 

Mr. Lanham succeeds Raymond Olney, who has served con- 
tinuously as Secretary and editor and publisher of AGRICULTURAL 
ENGINEERING since 1921 and as Treasurer of the Society since 1922 


I ho es 


The Council has reappointed Mr. Olney to the office of Treas- 
urer, and also as Publisher to have full responsibility for the publi- 
cation of AGRICULTURAL ENGINEERING, the new “Agricultural 
Engineers’ Yearbook,” and other publications of the Society. 

Ralph A. Palmer, who has served the Society as Assistant Sec- 
retary since 1927, except for two interruptions in the early 30's and 
40's, and who ts also a veteran of World War Il and who was 
released with the rank of lieutenant colonel, will continue 
Assistant Secretary with chief responsibility for the Society's per- 
sonnel service. 


as 


Mrs. Hazel B. Smiley, who joined the Society headquarters staff 
in 1930 to become shortly thereafter Ofhce Manager and Cashier, 
will continue in that position. 


Group at 1953 ASAE Annual Dinner at Pittsburgh. (Left to right) 
Ivan D. Wood; Ivan D. Wood, retiring president of ASAE; Mrs 


Dean 


AGRICULTURAL ENGINEERING for July 1953 


1952 ASAE Journal Papers Awards 


APERS awarded honors announced during the ASAE Annual 

Meeting at Pittsburgh in June, for having been judged the best 

published in various issues of AGRICULTURAL ENGINEERING during 
1952, were as follows: 

“Loads Imposed on Power-take-off Shafts by Farm Implements” 
(February) by Merlin Hansen. 

“Heat and Moisture Exchanges in Dairy Barns” (April) by 
H. J. Thompson and R. E. Stewart. 

“Time-Travel Studies on Dairy Farms’ (March) by Thayer 
Cleaver. 

“The Kinematics of Tractor Hitches” (June) by D. C. Heitshu. 

‘Harvesting and Conditioning Grain for Storage’ (July) by 
L. W. Hurlbut, G. M. Petersen, F. D. Young and E. A. Olson. 

Five additional papers accorded honorable mention included: 

‘Engineering Phases of Dairy Barn Research” (October) by 
S. A. Witzel and D. W. Derber. 

“Hydraulic Capacity Requirements for Control of Farm Imple- 
ments” (May) by Wayne H. Worthington and J. Waldo Seiple. 

“Simplified Procedure for the Measurement and Computation of 
Soil Permeability Below the Water Table” (May) by H. P. John- 
son, R. K. Frevert and D. D. Evans. 

“An Experimental Harvester for Castor Seed" (December) by 
Milo F. Arms and Lloyd W. Hurlbut. 

‘Development of an Agricultural Airplane’? (June) by Fred 
E. Weick. 

Measures of merit used in judging the papers included authen- 
ticity, originality, timeliness, permanent value, and style. The 
awards were made by the Committee on Journal Paper Awards: 
D. D. Smith (chairman), W. J. Ridout, Jr., G. O. Schwab, A. B. 
Skromme, G. I. Johnson, and A. E. Powell. 


(News continued on page 490) 


A. A. Potter, 


recipient of the 1953 Cyrus Hall McCormick Medal; Mrs. 


Edwin W. Tanquary; Edwin W. Tanquary, incoming president of ASAE; Mrs. O. W. 


Israelsen; Dr. O. W. Israelsen, recipient of the 1953 John Deere Medal 
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It’s no miracle that CLARK Drive Units do 

such a remarkably efficient job. For every 
Clark unit is a combination of unique design, 
sound engineering, finest materials and 
skillful manufacturing... all backed by a full 
half-century of practical experience. 

So many manufacturers of heavy-duty automo- 
tive, farm and road equipment depend upon 
CLARK Drive Units for this top efficiency that it 
amounts to a most impressive endorsement. It 
proves, again, that “‘it’s good business to do busi- 
ness with CLARK.” 


PRODUCTS OF CLARK 
@ send for copy of 
this NEW Beokiet 


CLA RK EQUIPMENT COMPANY 


BUCHANAN, MICHIGAN Other Plants: BATTLE CREEK and JACKSON, MICHIGAN 
PRODUCTS OF CLARK TRANSMISSIONS © AXLES # AXLE HOUSINGS © TRACTOR DRIVE 
UNITS © FORK TRUCKS AND TRACTORS © POWERED HAND 

|. | TRUCKS e GEARS AND FORGINGS @ ELECTRIC STEEL CASTINGS 
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NEWS SECTION (Continued from page 488) 


Buchinger Heads Michigan Section 
CCORDING to announcement received at Society headquarters, 
the new 1953-54 officers of the Michigan Section of the Amer- 
ican Society of Agricultural Engineers include W. G. Buchinger, 
farm service engineer, The Detroit Edison Co., as the new chairman 
of the Section. The list also includes the following vice-chairmen: 
T. J. Brevic, assistant professor of agricultural engineering, Mich- 
igan State College; W. M. Carleton, also of the agricultural engi- 
neering staff, Michigan State College, and C. W. Richey, harvesting 
engineer research engineering department, Dearborn Motors Corp. 
The new secretary of the Section is E. H. Kidder, assistant professor 
of agricultural engineering, Michigan State College. 
The new nominating committee for the Section consists of H. F. 
McColly, Michigan State College; D. B. Poor, Great Lakes Steel 
Corp., and H. C, Wolsey, The Oliver Corp. 


Tennessee Section Elects Walker 


A’ ITS regular spring meeting held this year in Gatlinburg, Tenn., 
May 22-24, the Tennessee Section of the American Society of 
Agricultural Engineers elected W. R. Walker, electrical develop- 
ment specialist, Tennessee Valley Authority, Chattanooga, Tenn., as 
the new section chairman. A. E. Adkins, Athens Plow Co., Athens, 
Tenn., was elected the new vice-chairman of the Section, and E. B. 
Hale, extension specialist in rural electrification, University of Ten- 
nessee, Knoxville, the new section secretary. This meeting as always 
was primarily a social gathering of members and their families, with 
a short business session. According to reports, a delightful time 
was had by all. 


Hawaii Section Meeting Program 
«© BLECTRICAL Control Instruments’ was the title of a talk be- 
fore the Hawaii Section, American Society of Agricultural 
Engineers, at its meeting Monday evening, May 18. The speaker 
was Robert Plaus, electrical engineer, American Factors, Ltd. 

Mr. Plaus approached his subject from the viewpoint that prac- 
tically any physical value or condition can now be measured and 
controlled, or used as a means to control other values or processes. 
From this introduction he went on to review the essential features 
of simple instruments, and their combination and applications in 
progress toward the automatic operation of complete processes. 

Warren Gibson, section chairman, announced that a discussion 
of land-preparation methods would be featured at the next quar- 
terly meeting of the Section. He also reported a substantial increase 
in the Section membership. 


Teacher Training Report Available 
REPORT on “Pre-Service and In-Service Training Programs,” 
presented before the College Division at the ASAE Annual 

Meeting in Pittsburgh in June, is now available on request to the 
ASAE headquarters office, St. Joseph, Mich. 

The Committee on Agricultural Teacher Training, College Divi- 
sion, ASAE, prepared the report, in collaboration with an advisory 
group of agricultural education specialists. It has been approved by 
the Executive Committee of the College Division. 

Present and former committee members contributing to the 
development of this report are E. W. Foss, G. E. Henderson, C. N. 
Hinkle, A. H. Hollenberg, M. M. Jones, V. J. Morford, C. F. 
Albrecht (chairman), R. H. Driftmier, 1. G. Morrison, A. J. 
Schwantes, and D. C. Sprague. 


The advisory group of agricultural education specialists included 
David Hartzog, H. W. Kitts, D. R. McClay, T. J. Wakeman, 
H. B. Swanson, J. K. Coggin, J. R. Cullison, H. M. Hamlin, 
C. W. Hill, and S. $. Sutherland. 


Hydraulics Research Program 


AJOINT meeting of the Hydraulics Division of the American 
Society of Civil Engineers and the International Association of 
Hydraulic Research will be held at the University of Minnesota, 
Minneapolis, September 1 to 4, 1953. Subjects for presentation and 
discussion at the technical sessions will include basic relationships 
of sediment transportation by flowing water, density currents, air 
entrainment of flowing water, and waves, beach erosion, and hydro- 
mechanics of shore structures. Additional information concerning 
the conference may be obtained by writing L. A. Johnson, Saint 
Anthony Falls Hydraulic Laboratory, Minneapolis 14, Minn. 


(News continued on page 496) 
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NEWS OF ASAE MEMBERS 


J. B. Davipson was one of five Iowa State College faculty mem- 
bers awarded a faculty citation at the annual Alumni Day ceremonies 
at Ames, June 13. The citation is for outstanding long service 
(more than 40 years) on the staff of the College, including achieve- 
ment in proving a source of inspiration to students and leaders in 
the field of endeavor of the recipient. As charter-honorary member 
and first president of ASAE, and as teacher, administrator, and con- 
sultant in his field, his influence has contributed to the develop- 
ment of many younger agricultural engineers now filling highly 
responsible positions, to technical progress and increasing public 
acceptance of agricultural engineering, and to the development of 
sound philosophy on human objectives of agricultural engineering. 

. . . 

R. W. TRULLINGER, life fellow and past-president of ASAE, 
chief of the Office of Experiment Stations and assistant research 
administrator, U.S. Department of Agriculture, received one of the 
Department's “distinguished service awards” at an honor awards 
ceremony in Washington, D.C., May 19. Ezra Taft Benson, Secre- 
tary of Agriculture, made the presentation. The citation of Mr. 
Trullinger read: “For vision and leadership in research administra- 
tion which has been a vital force in fostering strong federal-state 
relationships and in achieving an efficient, well-coordinated total 
agricultural research program.” Following the presentation, Mr. 
Trullinger characterized it as ‘‘a vote of confidence in our relation- 
ships with the state agricultural experiment stations’ as well as a 
personal honor. 

. . . 

Davip A. IsLeR, agricultural engineer (BPISAE), U.S. Depart- 
ment of Agriculture, was presented a “superior service award” of 
the Department at its honor awards ceremony in Washington, D.C., 
May 19. His citation read: “For his contribution to the develop- 
ment of a dual sprayer which has materially reduced the number of 
airplane test flights necessary to determine the proper degree of 
spray atomization.” 

. + . 

KENNETH A. FINDEN recently joined the general engineering 
department staff of the Green Giant Co., LeSueur, Minn. He was 
formerly an engineer with the Smalley Mfg. Co., Manitowoc, Wis. 

. . . 

E. A. Juzwik, formerly president and chief engineer, Ezee Flow 
Corp., Chicago, now that that company has been acquired by Avco 
Mfg. Corp., will continue with this new Avco Division in the 
capacity of general manager. 


WALDO H. KLIEVER has resigned as director of research, Minne- 
apolis-Honeywell Regulator Co., to become vice-president and 
director of instrument development, Clevite-Brush Development Co., 
Cleveland, Ohio, a division of Clevite Corporation. 

. . . 

W. C. KRUEGER, extension agricultural engineer in New Jersey, 
was honored May 19 with a dinner commemorating his 25 years of 
service to farmers of the state. The Farm Electrification Council of 
New Jersey arranged the dinner and presented him with a set of 
matched luggage. This is the second recognition of his services 
bestowed in recent months. In February the Co-op Interbreed Cattle 
Association honored him with its distinguished service award. 

. . . 

J. P. SCHAENZER, electro-agriculture specialist, operations divi- 
sion, Rural Electrification Administration, USDA, has recently been 
appointed chairman of the division of engineering of the graduate 
school of the USDA. He succeeds T. B. Chambers who has held the 
position for seven years. Engineering courses are offered by the 
school for both graduates and undergraduates in the Washington 
area. The current catalog lists twelve courses which supplement the 
engineering instruction available in the general colleges and univer- 
sities in or near the District of Columbia. 

. . . 

WILHELM VuTZz secently severed his connection with the engi- 
neering department of the Mount Vernon Implement Company to 
accept the position of product design manager of the New Holland 
Machine Division of The Sperry Corp. at New Holland, Pa. 

. . . 

GrorGE E. WOMBLE was recently named product engineer of 
the Horn Mfg. Co., a subsidiary of Avco Mfg. Corp. at Fort Dodge, 
lowa. Mr. Womble previously served in the same capacity with the 
New Idea Div. of the Avco organization at Coldwater, Ohio. 


J. R. W. Young, formerly head of the agricultural engineering 
department, University of British Columbia, is now employed as 
chief field test engineer of Massey-Harris Co., Ltd., and is located at 
the head office of the company at Toronto. 
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REUSABLE COUPLING FOR TYPE QW HOSE 


for original equipment and fast field-repair 
— medium- and low-pressure service 


Prevents leaks and blow-offs — exclusive patented grip gives extra 
safety, extra dependability, long life under severe service conditions. 


Expensive downtime eliminated — repairs made immediately on the 
job without special tools, 


Easy to assemble — vise, oilcan, and wrench are the only tools needed 
to assemble couplings and hose. 


Positive leakproof connection without 
threaded joints. Bolt centers are located 
to distribute the forces evenly and 
Prevent tilting of the clamp halves. 
Easy to assemble with small 
avtomotive-type wrench. 


Reduces hose assembly inventory — carry one coil in hoze sizes you 
use, and cut to lengths you need when you need them, 


Can be used over and over, 


Ample flow capacity. 0-15 


eee ne | 


t ' 

Find out how Anchor reusable couplings for * Anchor Coupling Co. Inc. : 

type OW hose save time, trouble, money. Attach . a re : 

~ , : t I'd like to know more obout 4 

coupon to your letterhead and mail today. : (] Anchor Reusable Couplings for type QW hose : 

’ [.] New Anchor Split-flange clamp-type coupling ‘ 

& Send me details. ‘ 

' ' 

i ' 

s Name = ainiscebaeni sail ss Title imneetie ti 

ANCHOR COUPLING CO. INC. D> | 
ME a eT RT NEE aE ee ' 

Main Office and Factory: LIBERTYVILLE, ILLINOIS ' : 
FACTORY BRANCHES: DETROIT, MICHIGAN ® DALLAS, TEXAS — * “ompony Address 
i Ra ichsco sittin chethecsinicensseaiseadcelabantecitaniencnsed ee DE ciisiencusennonne ae 

: ' 


AGRICULTURAL ENGINEERING for July 1953 491 


ROWERS c= oral +s: See EGS Laas Sot, =~ pheasant or i ante age fhe aie t is ; : 
> a * 
tad =. im 8, 
Hy H x t Ps X ts 
yi <2 = 
} ee = @ x 
~ wa ~ \ 
™ 
v4 , =, 
' » 
Rhee a a= \ Wet: fT, 
Hy | : ¥ 
H\* = : 
aa \ 4 Su @ me ‘ 
< iti _ —_ ; as” F & a) f.. % Bre a Ng ; 
. . : P 5 a, OT ee " mere . Sh i ee 
SK 
aes rr - “J 4 6 ze M 3 z 4 2 4 “ " _ i rd “KS . a tp Ag .* 
DS eee area oS 
| ee IN 1 ee 
>. —— nae Wary (yt. DA Ss QS ee < 
—- i eed Ss mead Os ab dis PY Vitae a ke cae Beate Se, ‘ 
resent te ave * | a oe HO Tk Oe el — f 
ja a a P wi. se z OE _ ay ne ve = pre a boa & F tote 2 ~ ed / b> ee x 
° =“ ne ee | Baer a: Aa | J a ae | hon oe oa <a / \ 
gl SEEERSAELECE 
: . pit pt __ul——— Dy Pee os. me Mens PRRR gobs } iq 
i ly re Os || | | 
‘ pe ower Cree ia ga a Wie. — i | -_ 
uf ee . aad wall RS , Me ae Le Pee . = i al 4 7 } } " A Tp. 
Lyae — iil ve 4A tag Ge ws - “Ta , oe 
ae a “ Pr ore: a> - we ¢ ~ 0 —— 
Lo a ge Fi 1 Fa . en i ’ 7 } q ; 4 . 
— <*, 1 igs 7 a %S : &. 7 : 
— “ii A es 4 se ig Bee ae q 
ay —— call — a re on a bait a ef F ; 
\* — = ail aga ma aif f > 
nS ail fil ot Ter ” “Raman ae pee at  T 23 oe 
\ | ast i ad 't Fame 9 ie 3 
——— P iii “a | ib ee ee eiaid [© oo 
| eS A eee 
a na? ue 
| ¥ a 
‘ an : 
- Oy, & 
i) | P 
— | \’/ NEW! | 
> i ‘ 
ee 
* 
ib , , et 
i Se > oe ea. ee ee - eae 89 ae | ee ie Se te ee Lge) hee he ee i ee " 4 
Oe : See _ ieee ee Ue eae ep. oa eae a Be 21 ee er ang OS nar 
ae oe eo). ve * Pe ee ee ae ae 4 2 eae teat hi 
oS eT aa a ge * — TRONS ge) ihe arte os ot a Bet) = | see a rac ea Oy ve al PW eraiat ie ag a : es 


492 


~NEW BOOKS — 


SAE HANDBOOK (1953 edition). Cloth, 1032 pages, 8 x 11 
inches. Illustrated and indexed. Society of Automotive Engineers 


(29 W. 39th St., New York 18, N. Y.). 


New standards, recommended practices and reports included in 
this edition apply to magnetic-particle inspection, carbon and low- 
alloy steel investment castings for automotive requirements, surface- 
finish control, involute spline and serration gages and gaging, auto- 
motive and general service copper tube, hydraulic flareless tube 
fittings, breakaway connector, ignition coil mounting, torque require- 
ments for spark plug installation, headlight testing machines, fly- 
wheels for overcenter clutches, diesel-fuel injection-pump mount- 
ings, diesel-fuel injection-pump mounting flange No. 5, diesel-fuel 
injection nozzle-holder assemblies, large-size radiator filler necks, 
color code for hydrodynamic-drive illustrations, performance curve 
sheets for hydrodynamic-drive vehicles, brake spider mountings, 
brake test code-dynamometer, and ride and vibration terminology. 


Revisions are indicated for previously published material under 
the headings of SAE technical board rules and regulations, chem- 
ical compositions of SAE carbon steels, chemical compositions of 
SAE alloy steels, general characteristics and heat-treatments of steels, 
estimated physical properties of hot-rolled and cold-finished carbon 
steel bars, methods of determining hardenability of steels, physical 
requirements for bolts, capscrews, studs and nuts, cast shot and grit 
for peening and cleaning, bearing and bushing alloys, rubber and 
synthetic-rubber compounds for automotive and aeronautical appli- 
cations, Classifications of elastomeric compounds for automotive 
resilient mountings, latex foam rubbers, sponge and expanded cel- 
lular rubber products, fuel and oil hoses, automotive brake hoses, 
hydraulic brake fluid, crankcase oil types, transmission and axle- 
lubricant classification, screw threads, square and hexagon bolts and 
nuts, round-head bolts, plain washers, ball and roller bearings, auto- 
motive tube fittings, hydraulic flanged tube, pipe, and hose connec- 
tions — 4-bolt split-flange type, hydraulic hose and fittings, circuit 
breakers, storage batteries, starting-motor and generator curves, 
magneto mountings, 6 and 12-volt cigar lighter switch bases, lamp 
bulbs and bases, sealed beam headlamp units for motor vehicles, 
electric supplementary driving lamps, electric supplementary passing 
lamps, license-plate lamps, turn-signal units, turn-signal operating 
units, spot lamps, back-up lamps, reflex reflectors, school-bus warn- 
ing-signal lamps, electric emergency lanterns, liquid-burning emer- 
gency flares, lamps for aircraft lighting, lamps for airdrome and 
airway lighting, engine flywheel housings, brake linings, rivets for 
brake linings and bolts for brake blocks, agricultural tractor draw- 
bars, yardage ratings, and air-cleaner test code. 

1953 Buyers Guipe. Paper, 432 pages, 8% x 11 in. 
Farm Implement News (Chicago 5, Ill). Published as Section 2, 
Farm Implement News, April 25, 1953. Special issue price not 
stated. Farm equipment classified by types and crops; complete lines 
of farm equipment manufacturers, listed geographically ; farm equip- 
ment manufacturers listed alphabetically; shop equipment and sup- 
plies, tractor parts and accessories; wholesalers and facilities offered, 
listed geographically; and index of farm equipment classifications. 


Indexed. 


NEW BULLETINS 


Insolation: A Primary Factor in Evaporation from a Free Water 
Surface in Michigan, by George A. Crabb, Jr. Reprint from the 
Quarterly Bulletin (vol. 35, no. 2, November, 1952) of the Mich- 
igan Agricultural Experiment Station (East Lansing). A report of 
research showing close correlation between insolation and evapora- 
tion, as an aid in determining irrigation water requirements. 


Brooding Pigs and Lambs with Infrared Lamps, by CK. Kline 
and I. P. Blauser. F. E. Circular 2, Ohio Farm Electrification Coun- 
ail and Agricultural Fxtension Service (Columbus, Jan. 1952). 
Mimeographed for leadership training on farm practice recommen- 
dations. Scheduled for resssue and wider distribution in multilith 
form in 1953 


A Guide for Inspecting Electrical Installations on Farms. Ohio 
Farm Electrification Council in cooperation with the Agricultural 
Extensior Service and Rural Fire Safety Committee (Columbus). 
Mimeographed introductory material and check list of items to be 
inspected under the headings of general information, service en- 
trance, fuses and circuit breakers, wiring, grounding, motors, light- 
ing, equipment and appliances, and cords 


How Much? What For? by Roy M. Gilcrest. North 
Dakota Agricultural Experiment Station (Fargo) Bulletin 379 
(Oct. 1952) A study of electrification in an area where it has 
developed rapidly in the past 8 years. 


Electricity 
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Electric House Heating, Rural Electrification Administration 
Bulletin 142-1 (Nov. 1952), U.S. Department of Agriculture 
(Washington 25, D.C.). Elements of heating, types of equipment, 
and installations, for persons interested in electric heating of private 
residences. 

Soil-Moisture Measurement uith the Fiberglass Instrument. 
Occasional Paper 128 (February, 1953), Southern Forest Experi- 
ment Station (New Orleans), U.S. Department of Agriculture. A 
composite of five related technical papers on various phases of the 
subject, based on experience with a project involving 210 fiberglass 
units installed near Vicksburg, Miss. 


Importance of Secondary Flow in Guide Vane Bends, by Edward 
Silberman. Technical Paper No. 14, Series B (January, 1953) St. 
Anthony Falls (Minn.) Hydraulic Laboratory. Limited distribution 
of an analysis of flow, showing a secondary flow contributing ma- 
terially to head loss. 


Some Developments in Corn Spraying Equipment Applicable in 
the Everglades, by John W. Randolph and Warren N. Stoner. Con- 
tribution from the Everglades Experiment Station (Belle Glade, 
Fla.), reprinted from the Proceedings of the Florida State Horticul- 
tural Society, 1952. Brief information on spraying machines in 
commercial use, an experimental sprayer, and some mechanical fac- 
tors affecting coverage. 


A New L-Shaped Fence Staple, by E. George Stern, Virginia 
Engineering Experiment Station (Blacksburg). Popular-style leaflet 
presenting the substance of information covered in technical form in 
VPI Wood Research Laboratory Bulletin No. 11. 


V Belts for Farm Electrical Motors, by Wm. H. Knight and 
J. W. Martin. University of Idaho (Moscow) Farm Electrification 
Leaflet No. 21 (April, 1953). A basic guide covering pulley and 
belt sizes, belt selection, applications, and installation. 

Aid Distribution in Several Central Pennsylvania Hay Driers, by 
Elwood F. Olver. Pennsylvania Agricultural Experiment Station 
(State College) Progress Report No. 101 (April, 1953). Observa- 
tions on performance of actual installations suggesting desirable com- 
binations of equipment and use practices. 


Electric Pig Brooders, by O. F. Goen and A. M. Pettis. Florida 
Agricultural Extension Service (Gainesville) Circular 110 (Novem- 
ber, 1952). How to build and use brooders using regular or infra- 
red electric bulbs as heat sources. 


Electricity Made Easy, by A. M. Pettis. Florida Agricultural 
Extension Service (Gainesville) Circular 112 (January, 1953). 
Fifteen suggested demonstrations and 20 problems with answers for 
beginning vo-ag work. 


An Electric Pig Brooder, by A. M. Pettis and J. Clyde Driggers. 
Florida Agricultural Extension Service (Gainesville) Circular 113 
(February, 1953). Construction and use of a heat-lamp brooder 
adapted to Florida conditions. 


Seasoning Lumber, by O. M. Davenport, Circular 501, Ken- 
tucky Agricultural Extension Service (Lexington). Brief general 
instructions, piling techniques, and related information. 


Selecting Farm Electric Motors, Controls, and Drives. Compiled 
by Robert H. Brown and G. E. Henderson. Southern Association of 
Agricultural Engineering and Vocational Agriculture (Agricultural 
Engineering Department, University of Georgia, Athens). Voca- 
tional teaching material edited to junior high school reading level. 
Covers motor size, type, features, accessories, controls, and drives. 
Includes tables on farm machine power requirements. Published 
through the cooperation of the General Electric Co. Bulletin and 
related film strip available at prices according to quantity. 


Ivrigating Small Acreages, by John R. Davis. Michigan State 
College (East Lansing), Extension Bulletin 320 (May, 1953). A 
31-page bulletin designed for the home gardener and small-acreage 
truckcrop gardener. It discusses the fundamentals of irrigation; 
how much water to apply, how ofter, crops and soils. Also dis- 
cussed are the use of the present water supply, how to select the 
proper size pipe and sprinklers, and fitting equipment to a small 
area. Other aspects of irrigation such at water supply, fertilization, 
frost control and benefits are mentioned. 


Sprayer and Duster Manual. National Sprayer and Duster Ass'n. 
(4300 Board of Trade Bldg.), Chicago 4, Ill. $1.00. This brings 
together in 40 8!) x 11 pages, information on chemicals and appli- 
cation equipment which will help users and dealers to .be well 
informed on the subject, even though progress in this field in the 
past decade has been revolutionary. Covers use of sprayers and 
dusters in homes and gardens on farm and ranches, in industry, 
institutions, public buildings, and other fields; use for plant disease, 
insect and weed control; importance of correct timing, proper 
chemicals and proper equipment; types of equipment, accessories ; 
proper Operation; care and maintenance; and related useful in- 
formation. (Continued on page 504) 
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Low-cost F | (fh oving Speci | 


Handles Unlimited Jobs 
on Limited Budgets 


>. omy 


Allis-Chalmers Model D 


low-cost motor grader with 
TANDEM DRIVE and other 
big grader features 


Weight — 8,800 Ib. 
Tubular Frame 
ROLL-AWAY Moldboard 
Power Hydraulic Controls 
Rear-Engine Design 
High Arch-Type Front Axle 
Drop-Down Transmission 
Full Visibility 
Optional: 
Leaning Front Wheels 
Power Circle Turn 


THE new Allis- 
Chalmers Model D Motor Grader gives the kind 
of earth-moving advantages that only a full- 
fledged, tandem drive motor grader can give — 
and brings this performance within easy reach of 
limited budgets. Rolls big loads fast, makes 
smooth water channels and terrace ridges, ma- 
neuvers easily, travels quickly from one job to 
another, yet it costs only 144 as much as large 
motor graders! 


> 
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This grader also builds and maintains farm 
roads, handles ditching and sloping ... with 
bucket attachment, loads material. And it’s eco- 
nomical to maintain as well as to own. Any 
mechanic can service the 40 hp. gasoline engine. 
2arts are carried by all A-C tractor dealers. 


Write for free catalogs or ask your Allis- 
Chalmers industrial tractor dealer to show you 
how the Model D can stretch conservation and 
road maintenance dollars. 

a 


Level it, slope it, ditch it, pile it —- 
or load it. When it comes to mov- 
ing dirt at low cost, the Model D is 
your machine. Rear-mounted hy- 
draulic shovel with 5% cu. yd. buck- 
et adds still further te its useful- 
ness. Saves time, men and equip- 
ment on loading and stockpiling 
jobs ... ideal for filling small gul- 
lies and ditches on terracing work. 


Roll-Away is an Allis-Chalmers trademark. 


ee 
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Save the farmer time, 


money, and 
labor. .  } 


Recommend pressure-creosoted 
fence posts 


@ When you recommend pressure-creosoted fence posts, you’re 
doing the farmer a real service. Since pressure-creosoted posts 
last 3 to 5 times longer than most types of untreated posts, 
repair and replacement costs are reduced to the barest minimum. 
Money, time, and labor, normally spent repairing or replacing 
deteriorated posts, can be devoted to more important jobs. 


Pressure-creosoted fence posts are unharmed by repeated 
grass fires. Flaming stops, leaving only minor surface char, when 
the grass fire moves on. 


For complete information about creosote, write to Koppers 
Co., Inc., Tar Products Division, Pittsburgh 19, Pennsylvania. 


KOPPERS COMPANY, INC., PITTSBURGH 19, PENNSYLVANIA 


Tar Products Division 


DISTRICT OFFICES: New York, New York Los Angeles 5, California 
Woodward, Alabama 350 Fifth Avenue 3450 Wilshire Bivd. 


Chicago, Illinois Boston, Massachusetts, Pittsburgh, Pennsylvania 
122 S. Michigan Avenue 250 Stuart Street Koppers Building 


All Standard Specifications 


y 
KOPPERS 
W 


The Performance-Proved Wood Preservative 


Applicants for Membership 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Acipius, DoNALpD V. A.—Student, Oregon 
State College. (Mail) 1514 Trevitt St., 
The Dalles, Ore. 


AsHEr, Don L., Jk.—Student, University of 
Florida, Gainesville, Fla. (Mail) Beta 
Theta Pi House. 


BENNISON, ERNEST W.— Office engineer, 
Edward E. Johnson, Inc., 2304 Long Ave., 
St. Paul 14, Minn. 


BeppLer, Davin C.—Student, University of 
Maine. (Mail) 218 Park St., Montclair, 
New Jersey 


BRANDT, MAuRiIcE W.—Graduate assistant, 
Michigan State College. (Mail) 1240 E. 
Leonard, Grand Rapids, Mich. 


Brown, Ropert L.—Student, University of 
Maine. (Mail) Brooks, Me. 


BURCHFIELD, GLENN L. — Salesman, Ore- 
gon Tractor Co., 9 Depot St., LaGrande, 
Ore. 


BurKE, JOHN T.—Farm machinery sales- 
man, Orange State Motor Co. (Mail) 
2412 Burlington Ave., St. Petersburg, Fla. 


CHEATUM, LEo G.—Project engineer, John 
Deere Ottumwa Works, Ottumwa, lowa. 
(Mail) 16 Silverwood Drive 


CHENOWETH, JOHN W.—Student engineer, 
John Deere Waterloo Tractor Works, 
Waterloo, lowa. (Mail) 708 W. 3rd St. 


CHURCHILL, WILLIAM D.—Field manager, 
Cargill, Inc., Grinnell, lowa 


CLEMENTS, WAYNE W.—Student, Michigan 
State College. (Mail) 2515 Textile Road, 
Saline, Mich. 


Forb, JAMES K., Jr.—Student, University of 
Georgia. (Mail) 279 Foust St., N.W., 
Atlanta, Ga. 


FutcH, ALFrep E.—Field representative, 
Gulf Fertilizer Co., Box 128, Avon Park, 
Florida 


GEIBERGER, DONALD E.—Student, Univer- 
sity of California. (Mail) 1118 Cava- 
naugh Way, Sacramento, Calif. 


GENTRY, DONALD—Student, University of 
Georgia. (Mail) RR 1, Blakely, Ga. 


HALL, JOHN C.— Electrical development 
representative, Tennessee Valley Author- 
ity. (Mail) 717 Church St., Nashville, 
Tenn. 


Harris, WESLEY L.—Student, University of 
Georgia. (Mail) Taylorsville, Ga. 


How Lett, Francis W. — Cartographic- 
photogrammetric aid, U.S. Navy Hydro- 
graphic Office. (Mail) Apt. 2, 7805 At- 
wood St., Washington 28, D.C. 


HuNTER, JAMES H.—2nd Lt., U.S. Army. 
(Mail) Route 1, Caribou, Me. 


JENSEN, WILLIAM C.—-Student, University 
of California. (Mail) 6119 Canning St., 
Oakland 9, Calif. 


JOHNSON, LYNN F.—Student, University of 
Idaho. (Mail) Route 1, Preston, Idaho 


JOHNSON, Robert W.—Draftsman, J. 1. 
Case Co., Racine, Wis. (Mail) 3112 13th 
Street 

(Continued on page 496) 
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This 
BCA wheel bearing, 
DESIGNED SPECIFI! 


ALLY FOR FARM EQUIPMENT, 
cuts both assembly and 


maintenance costs 


BCA designed this economical anti-friction bearing to meet 
the needs of both manufacturer and user of farm equipment. 


This time-saving package unit means simple, low-cost 
mounting on the axle shaft. What's more, the shaft need not 
be machined because the eccentric position of the holding 
screw prevents rotation of the inner ring. 


Pat. Applied for 


This BCA wheel bearing takes both radial and thrust loads, 
with sufficient capacity for practically any piece of 

farm equipment. Used in connection with a sliding bearing, 
which merely acts to ''steady” tilting loads, its simple, 
rugged construction eliminates many of the farmer's 
maintenance headaches and cuts field-servicing to a minimum. 


BCA has made many contributions to the solution of the 
bearings problems peculiar to farm equipment. Perhaps we 
can solve your bearings problems. 


radial, thrust, angular-contact Ball Bearings 


a ae roma sR sane: Ere RE EP GEM ease a dian 


BEARINGS COMPANY OF AMERICA 


BB tion isola eke Wy Cea TE eth 2 wth asin hn San tear oe dd 


LANCASTER » PENNSYLVANIA | 


Or EER rae Tae Bere oe ae 
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- oo 
a se ee Peis. 3 ME: 5 
Applicants for Membership nologist, Bureau a Soil Conservation. State College. (Mail) Frankenmuth, 
(Continued { 494 (Mail) 645 "C , Davis, Calif. Mich. 
v7 ued from page 49- , : ; 
‘ ee adouged é Murray, CHARLES “‘ -Test engineer, The SANFORD, BENJAMIN F.—Agricultural en- 
KING, R. T.—-Farm Service SUPErVISOr, Texas Coolerator Co., Duluth, Minn. (Mail) gineer, United States Sugar Corp., Clew- 
Power & Light Co., Fidelity Union Life 710 N. 23rd Ave. W. iston, Fla. 
Bidg., Dallas, tense ae PatmMer, Ropert S.— Agricultural Engi- SCHEFFLER, Davin R. — Student, Purdue 
—_ a GI ~_ E. ge University neering Dept., University of New Hamp- University. (Mail) RR 4, Shelbyville, Ind. 
D1 Aggie Villa alit. (Mail) Apt. shire, Durham, N. H. SEALE, WILLIAM L.—Draftsman, J. I. Case 
Lic din Ror ert ( i Student. Uni f PLACKE, Frep O.—Student, A & M College Co., PO Box 151, Anniston, Ala. 
AGHT, Ros Stude “rs_ty “eet . heel Z ' : 
Maine. (Mail) Ghent 'N 'y eles of Texas. (Mail) Box 53, Giddings, Tex. Sierren, Wituis H.— Graduate research 
é gray ‘ Reep, Date D.—Training program, John assistant, agricultural engineering dept., 
gyre ie see eet foe tes Pe Deere Waterloo Tractor Works. (Mail) North Dakota Agricultural College, Far- 
’ and Ceme sn. al O. sin , r ' i - ; 
Box 66, ithece, N.Y. . RFD : nase 7 . 20, es cana ys nine ner 
ne , 1 es OBINS, LAWRENCE E. ‘armer, Box 1334, SMITH, CLAUDE F irector of rural de- 
Mainey, JouN K.-U.S. Air Force. (Mail) Cimarron, Kans. velopment, Florida Power & Light Co. 
Mazon, Ill. : > ; 
Rick anne € 6 Inst : ROHALY, WILLIAM E,—Student, University (Mail) PO Box 521, Ormond Beach, Fla. 
a ( seceniil Tr ructor, sa ~e training of Hlinois. (Mail) 9232 S. Avalon Ave., THEDE, VERNON W. Sales engineer, 
, Caterpillar Tractor Co., Peoria, Il. Chicago 19. Ill . ; , 
M 1 Micago 17, : : ae French & Hecht Div., Kelsey-Hayes 
ENDOZA, TEOFILO M.—-Assistant soil tech- RUMMEL, CarL G. — Student, Michigan Wheel Co., Davenport, lowa 


VoOEGELI, WENDELIN L.—-Assistant director 


2h; : of engineering, Allis-Chalmers Mfg. Co., 
oN ie ia C - Ae - Milwaukee, Wis. (Mail) RR 4, Box 618F 
Power . WAWRZYNIAK, Ropert E.—-Salesman, Mar- 
tin Steel Products Co. (Mail) RR 6, Box 

TO FIT ae 'p WE! 121, South Bend, Ind. 
jo WEILAND, GERALD E.—Student. (Mail) 41 


Santa Rosa Pk., SanLuis Obispo, Calif. 

West, JAMES R.—Senior engineer, New 
Holland Machine Div., The Sperry Corp., 
New Holland, Pa. (Mail) 208 W. Cone- 
stoga St. 


WIGGINS, BENJAMIN E.—(SCS), USDA, 
Sanford, Fla. (Mail) Route 1, Box 302 
Wiser, Epwarp H.— Student, Iowa State 
College. (Mail) Macedonia, Clarkesville, 

Georgia 

WRATTEN, Finis T.— Associate agricultural 
engineer, (REA), USDA, Agricultural 
Engineering Bldg., Louisiana State Unti- 
versity, Baton Rouge, La. 

Wrtir, CHARLES A., JR. — Student, Ohio 
State University. (Mail) Athalia, Ohio 


Zook, DONALD G. Trainee, Caterpillar 
Tractor Co. (Mail) Athens, Hl. 


TRANSFER OF MEMBERSHIP GRADE 


¥ . Ruopes, A. J. Rural service consultant, 
Quickly moving rocks, sand, earth, grain, manure Louisiana Power & Light Co., 142 De- 
and many other materials are only a few of the laronde St, New Orleans 14, La. (As- 
tasks handled by the Shaw Du-All Tractor with sociate Member to Mester) 
hydraulically controlled front end loader. Also , ab 
: : ' NEWS SECTION 


3 to 9 hp. single-cy!, models. the Du-All easily wades into such jobs as cultivat- 


ing, mowing and spraying . . . even pulls a 14” 
bottom plow in most soils. Its automotive-type 
transmission and differential gears are machine 


(Continued from page 490) 


Morse Addresses Washington 


cut, heat-treated and run in oil for longest life. Section 
And power is provided by a model TF 2-cylinder, RUE D. MORSE, Under Secretary of 
14.5 hp. Wisconsin Heavy-Duty Air-Cooled Engine. Agriculture, was guest speaker at the 


May 8 meeting of the Washington (D.C.) 
Section, American Society of Agricultural 


Tractor builder is Shaw Mfg. Co., Galesburg, Kans. 


Actually, the choice of a Wisconsin Engine is a Engineers. ; : 
7 to 14.5 hp. 2-cyl. models. logical one for this manufacturer, just as it is for Speaking on economic aspects of agricul- 
: . tural engineering, he indicated that short- 
over 500 other equipment builders. Such features ages of equipment and materials in recent 
as thrust-absorbing tapered roller bearings at — years had resulted in some substandard en- 
both ends of the crankshaft, fool-proof air-cool- gineering in agriculture. Continuing, he ex- 
ing, rugged construction and an outside-mounted ——Pre*ed_ & Conviction that we are now enter- 
; gg ‘ ing an era in which agricultural engineering 
magneto equipped with impulse coupling for will be of paramount importance. He 
quick, easy starting . . . all add up to overall looked for continuing encouragement for 
equipment efficiency, trouble-free performance. _—farmers to increase their production efficien- 
cy, with agricultural engineering a primary 
Complete your power equipment file with latest specifi- means by which it can be realized. Mr. 
cations about all 4-cycle single-cylinder, 2-cylinder and Morse stressed the point that agricultural 
V-type 4-cylinder models, 3 to 36 hp. engineering must aim at sound, long-range 


approaches to agricultural progress, and that 
economic considerations will become in- 
creasingly important factors in agricultural 
engineering. 

The occasion was the regular monthly 
luncheon meeting of the Section, with 53 
: members and guests present. 
2-1-1 
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‘Manhattan Agri 


UNDER ALL OPERATING CONDITIONS, ana on an 


types of power applications, Manhattan Agri- 
cultural Belts have won the confidence of 
Farm Equipment Manufacturers. The engi- 
neered features of strength, flexibility, and 
long-life which are built into these belts 
account for their consistently uniform per- 
formance and their day-in, day-out dependa- 
bility on the job. 


Manhattan’s 60 years of pioneering research 
and development has produced the most 
reliable and economical agricultural rubber 


MANHATTAN RUBBER DIVISION — PASSAIC, 


products in the field today. Designed to meet 
rigid manufacturers’ specifications, Manhattan 
Agricultural Belts are continually contributing 
to the success of farm equipment by making 
power drives as nearly foolproof and trouble- 


free as possible. 


Manhattan is always ready and eager to help 
specify the proper belt for your needs and to 
work with your engineers on the design of 
new power transmission drives. Call us at 


any time. There is no obligation. 


NEW JERSEY 


RAYBESTOS-MANHATTAN, INC. 


Flat Belts V-Belts Conveyor Belts 


Other R/M products include: Industrial Rubber ¢ Fan Belts 


Roll Covering Tank Lining Abrasive Wheels 


Radiator Hose * Brake Linings © Brake Blocks ¢ Clutch Facings 


Asbestos Textiles © Teflon Products ¢ Packings © Sintered Metal Parts ¢ Bowling Balls 
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It’s important in crop spraying to get thorough 
coverage of the crop. That calls for reliable 
equipment like the Aero Mist Master which 
depends on STOW flexible shafting to transmit 
power from the accessory gear box to the pump 
which delivers the insecticide to the spray 
nozzles beneath the wing. 


According to Mabry I. Anderson, of Mississippi 
Valley Aircraft Service, manufacturers of the 
Aero Mist Spray System, “Your shafts have 
never failed—even though they've already given 
us thousands of hours of trouble free service’ 


Consider STOW flexible shafting for your next 
Power Drive or Remote Control application. 
Our engineering department will be happy to 
work with you. No obligation, of course. 


a Write lod ag for your free copy 


of Bulletin 525 containing com- 


plete engineering data on STOW 
flexible shafting. 


See us in SWEETS CATALOG 
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Land Leveling 


(Continued from page 482) 


nothing, and progress to more refined land preparation for 
irrigation can be expected after a few years. 

Costs and Profits. The cost of land preparation is en- 
tirely dependent on the individual job to be done. In 
general, grading with heavy equipment is figured roughly 
at 15c per cu yd. This cost is considerably reduced when 
the farmer uses smaller equipment with his own tractor. 
Depending on the quality of the land, the value of the 
crop to be grown, and the availability of a sure market, 
considerable expense for land preparation can be justified. 
Leveling costs of $50 to $100 per acre are numerous, and 
with farm labor becoming increasingly scarce in many in- 
stances, the farmer cannot afford not to prepare his land 
properly. When two men can irrigate a field in 24 hr 
time, which before leveling required the same two men 
a 2-weck period to water, there is no question as to the 
practicability of this investment. 

Drainage, Dry Land and Permanent Pastures. Related 
to the subject of land preparation for irrigation, is the 
matter of land preparation for drainage in the heavier 
rainfall areas, for improvement of permanent pastures, and 
for dry-land farming. Through the use of land-leveling 
equipment in heavy rainfall areas, it is possible to secure 
better drainage by eliminating the swales and potholes. 
Moisture is conserved for dry periods, erosion control i 
maintained by checking gully erosion, and more efficient 
cultivating and mechanical harvesting is possible on smooth 
level fields. 

For dry-land wheat crops, smooth fields are extremely 
important from several standpoints. As in the case of the 
humid areas, the operation of all farm machinery on smooth 
fields is considerably faster and more efficient, and gully 
erosion can be controlled by smoothing out the small wash- 
ings that start each year. A superior dry-land seedbed 
which has been prepared with the right kind of leveling 
equipment, will permit maximum germination of all seed 
planted and has shown increases of wheat yields by as 
much as 20 per cent. 

Many ranchers have testified that leveling their per- 
manent pasture ground is a profitable investment. The old 
pastures should be plowed up and the surfaces smoothed 
to eliminate potholes. This will result in a firm, level and 
well-packed seedbed necessary for the establishment of 
pasture grasses and uniform germination and emergence. 
Actually a better stand can be obtained with less seed. 
Mowing, raking, harvesting or baling will be faster and 
more efficient. Certainly if the pasture is to be irrigated, 
a level surface is vital to insure complete water coverage. 
Even in orchards the leveler has important use for irrigation 
and to prepare the surface for mechanical harvesting. 

Almost every soil conservation practice, including con- 
tour planting, terracing, providing surface drainage, con- 
struction of grass waterways, and the elimination of gully 
erosion, can be accomplished more easily and at greater 
savings by proper land preparation through leveling. It 
is not suggested that land leveling is a cure-all for all soil 
and water problems facing the farmer and technician. It 
is contended, however, that farm programs leading to max- 
imum production and conservation of land resources will 
be greatly supplemented by farming on smooth fields. 
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RE OR eee 


all purpose 


ELEVATOR — 


Hee is an elevator of advanced design 
that gives the farmer greater durability 


and outstanding performance. It’s 


suspension trussed and reinforced. 
Available with short truck up to 36 ft. 
and long truck up to 50 ft. Can be 


Handles anything! 


The big capacity 
trough, 17% inches 
furnished with triangular hopper or large wide inside, has high 
sides to eliminate spill- 
ing or falling. It han- 
A real man saver the year ‘round. dles all kinds of loads 


tilting hopper with 7 ft. drop gate. 


fe . ith ease: ear corn, 
Write us for its many other re ae ee 
. small grain, bales, etc. 


outstanding features. 
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FARM EQUIPMENT COMPANY 


VCO 


Division Distributing Corporation 


COLDWATER, OHIO, U.S. A. 


So easy fo use.. 


casy to move and 
transport from one job to 
another—casy to raise 
or lower. No pawls or 
locks to get out of order. 
When raised to proper 
height, an angle bar pre 
vents crank from turning 
It just can't let £0. 
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NEWS FROM ADVERTISERS 


New Products and Literature Announced by 
AGRICULTURAL ENGINEERING Advertisers 


Booklets on Use of Sun's Heat 


Libbey-Owens-Ford Glass Co., Toledo, Ohio, will send on request 


copies of booklets just issued on how to plan windows to make farm 
buildings warmer and dryer in winter and yet keep them cooler in 
summer. They explain how the solar principle of heat, used for years in 
home construction, can be used in the design of dairy barns, poultry 
buildings and hog and sheep pens 


New Model Farm Tractor 


J. L. Case Co., Racine, Wis., announces the new model “SC” tractor 
capable of producing 15 percent more power with improved fuel econ 
omy. Dual-valve constant hydraulic control, operated by twin levers, 1s 
regular equipment and gives one-hand operation of two hydraulic cylin 


ders — both together, or separately — for such applications as loaders 


Lj 
Poem, er Dace exe ef epsce om 


|p A APLAR TAS A AA AES - a 


SENIOR CONTOUR NO. 1893 
a 


New J. *. Case Model ‘‘SC’’ tractor 


with hydraulic tilt as well as lift. The tractor has a foot clutch which 
leaves both hands free for use of hydraulic control and steering at the 
same time. All Eagle-hitch rear-mounted implements can be used with 
it, including the breakaway contour plow. A new comfort seat has 
torsional rubber suspension that absorbs jolts and minimizes pitching and 
bouncing from rough ground. A constant-running power take-off has its 
own clutch, completely independent of the traction clutch and gear shift, 


COMMANDER NO. 1144 so that PTO machines can be brought up to speed before the tractor 


moves and kept running during travel stops and starts 
With or Without 


F d Aft E a 
pec Sectional Corn Ventilating Tube 


American Steel and Wire Division, United States Steel Corp., Cleve 
land, Ohio, has announced a new product, known as Flexi-Vent, a sec 
tional ventilating tube to permit passage of air in corn cribs. This 


Improved driver-comfort is one of today’s major 
engineering objectives . . . and Milsco can help 
you to step up the man-work-factor of your equip- 
ment with job-fitted cushion seating. Milsco Cushion 
Seats are the devclopmeits of years of experience 
in designing and manufacturing heavy duty cushion 
seats for all types of mobile equipment. Our field 
studies of enduring cushioning materials and con- 
tour body support may prove of important value 
to you. Write us about your seating problem now. 


Sold Only to Original Equipment Manufacturers 
ESTABLISHED 1924 


Flexi-Vent ventilating tube as used in a corn crib 


product is a steel spring about 41n in diameter and 314 ft long. As a 
crib is filled the springs are placed in position along with the corn and 


MILSCO MANUFACTURING co. ecg Clr ages air space and natural ventilation. Sections of Flex1- 


be attached together, end to end, to form conduits of any 
2732 N. 33rd ST., MILWAUKEE 45, WIS. desired length, without use of any additional attachment 


(Continued on page S02 
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Only an imaginative “let’s look ahead” attitude toward new materials and production techniques 


made possible today’s amazing farming methods and equipment. For example, take 
some of the “impossible” shapes we cold form daily from all kinds of metals, 

in any lengths and for an ever growing list of farm applications. Yesterday, these 
applications were but drawing board dreams. Today, thanks to alert design 
engineers who are exploiting the economic and functional possibilities of 


Van Huffel shapes, these dreams are making present farm implements 
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A Packaged 
WHEEL - HUB - SPINDLE - BEARING 
ASSEMBLY 
for LIGHT APPLICATIONS 


” [Dla AB 2 atts wisn lah 


This LOW COST, soundly engi- 
neered Economy Wheel is designed 
for loads averaging 750 lbs. per 
wheel. For original and replace- 
ment use on portable grain eleva- 
tors, light trailers, lime spreaders, 
sprayers etc., etc. 


ASSEMBLY PARTS 


(Left to Right) Rim and Disc, Spindle, 
Washer, Roller Bearing, Hub, Spacer, Roller 
Bearing, Washer, Cap and Locking Pin. 


MANUFACTURERS 


Here is a standard approach that relieves you of engineer- 
ing and procurement problems — and SAVES substantially 
on cost. Worth investigating. 


We Invite Your tall 


PARTIAL CONTENTS . - s 
HOG HOUSES SEND Topay for your free copy. Lists 


34 si ar plans for long-lasting 
FARROWING HOUSES Exterior wood farm service build- 
HOG WALLOWS pl if 
CALF SHELTERS ings available from leading agricul- 
FREEZERS tural schools, Midwest Plan Service, 
BROODER HOUSES Douglas Fir Plywood Association. 
pony ge Each listing includes illustration and 
Mr once Spey 
MANY OTHERS 8B a 

ation, Tacoma 2, Washington. 


EXTERIOR-TYPE 
DOUGLAS FIR 


NEWS FROM ADVERTISERS 


(Continued from page 500) 


New Two-Way Spinner Plow 


Allis-Chalmers Manufacturing Co., Tractor Division, Milwaukee, 
Wis., announces introduction of a new two-way, two-furrow mounted 
spinner-type plow for its Model CA farm tractor. A simple trip release 
permits the operator to spin the plow bottoms quickly to alternate posi- 


Allis-Chalmers two-way spinner plow = 


tions without leaving his seat. Shorter turns and narrower headlands are 
possible through the close coupling of the plow which, wih a free-swing 
forward hich, operates like a pull-behind implement. The plow has 
beams and stress points built of special, heat-treated steel. It is available 
in either 12 or 14-in sizes. 


New 6 or 7-Foot Combine 


John Deere, Moline, Ill., announces the new No. 25 combine with 6 
r 7-ft cut, as successor to the No. 12-A. The machine provides full- 
width, straight-through handling of grain and straw; new quick-change 


The new John Deere 25 combine 


cylinder-speed control, new open-bar grate with snap-in inserts; new 
windrowed spreader which distributes crops evenly over full width of 
platform; new all-steel straw rack; new non-piling cleaning shoe; stronger 
frame and hitch, and better flotation for soft or muddy fields. 


MH 


"PROFESSIONAL DIRECTORY | 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 


Development - Design - Research - Markets - Public Relations 
BoarD OF TRADE BLDG., CHICAGO 4, ILLINOIS .« .« Tel. HArrison 7-072 


DOANE AGRICULTURAL SERVICE, INC. 


Research and Consultation Service for Farm and Industry 
Market Studies - Farm Testing - Farm Surveys - Farm Management 
Appraisals - Work Simplification Studies 
Doane Agricultural Digest 


Box X, 5142 Delmar Blvd. St. Louis 8, Missouri 


THE FARM CLINIC 


Farm Planning and Industrial Consultation 
Research - Consultation - Public Relations - Efficiency Engineering 


Box 481 West Lafayette, Indiana 


RATES: Announcements under the heading ‘‘Professional Directory’’ in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of $1.00 
per line per issue; 50 cents per line to ASAE members. Minimum 
charge, four-line basis. Uniform style setup. Copy must be received 
by Gret of month of publication 
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“Well done, 
AMERICA” 


Vj 
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GEORGE M. HUMPHREY 


Secretary of the Treasury 


“Few things in America contribute more importantly to national security 
than the Payroll Savings Plan—the vehicle through which millions of 
employed men and women build security, counteract inflation and create 
a reserve of future purchasing power by their monthly investment in 
U. S. Savings Bonds. Credit for this outstanding influence in our lives 
is due largely to a team that is typically American... far-sighted business 
executives who have made the Pcyroll Savings Plan available to the 
employees of 45,000 companies ...8,000,000 Payroll Savers... pub- 
lishers of more than 500 business magazines and the management of the 
other advertising media who contribute generously of their space and 
time...the Advertising Council and advertising agencies who give 
freely of their skills. To these and to all who have a part in building the 
Payroll Savings Plan, the U. S. Treasury Department welcomes this 
opportunity to say, “Well done, America.” 


Do you know— + of the approximately $6.7 billion E Bonds which had 
come due up to the end of April, 1953, $5.1 billion, or 


ay 953. the cash value of Series E Bonds out- ehparer: z : , 
eon May 1, 1 (o%%~ were retained by their owners beyond maturity. 


standing —the kind bought by Payroll Savers—reached a 
new record high—$35.5 billion—$1 billion more than the » every month, nearly 8,000,000 Payroll Savers purchase 
value of E Bonds held on May 1, 1951, when E Bonds vom- about $160,000,000 in Series E. Bonds. 


menced to mature. ‘ : —— ’ ee 
. For assistance in installing a Payroll Savings Plan, or 


e cash sales of Savings Bonds, all series, during the first building participation in an existing Plan, write to Savings 
four months of 1953 totaled $1.741,273,000—22%. above Bond Division. U. S. Treasury Department, Suite 700, 
those of the first four months of 1952. Washington Building, Washington, D. C. 


The United States Government docs not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 
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corn f 5 
7 COTTON 
FOR EVERY wneat— / oe 2 
CROP yoBAccO “PFA yecerasres GRASSES 
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ee \ INSECTICIDE UMIGATIgn SPRAYING 
SPRAYING - 


Preece OCICS e seed 


SPRAY NOZZLE 


Over 400 interchangeable orifice 
tips to fit any TeeJet Spray Nozzle 

+... give you a choice to meet the 
need of any crop and any type of 

spraying. Tip types include flat 


spray, hollow cone, full cone, and 
straight stream. Try TeeJet Spray 
Nozzles . . . proved best in the 
field . . . guaranteed for exact 
performance. 


Patent No. 
2,621,078 


RELATED EQUIPMENT. ... wide range 
of related equipment such as BoomJet for 
single nozzle broadcast spraying in pat- 
terns up to 66 feet wide ... GunJet spray 
guns for spraying trees, cattle, and scrub 
growth ... and strainers, connectors and 
fittings. 

For Complete information . . . write for Bulletin 58 


SPRAYING SYSTEMS CO. 


3226 Randolph Street © Beliwood, Iilinois © USA 


Accept No Substitute! 


Insist on Original, Patented 


M*Dowell 


IRRIGATION 


a COUPLINGS 


The First and Finest 
Patented Gasket- 
Coil Pressure Lock Design 


In this unique design, water pressure provides a water- 
tight seal automatically—at both high or low pressures. 
No tools required. No hooks, latches or gadgets. 
Faster and easier to use, the McDowell Coupling saves 
time and money. 


r-—-—-— For Details, MAIL COUPON TODAY! 
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Personnel Service Bulletin 
The American Society of Agricultural Engineers conducts a Personne!) 


Service at its neadauarters office in St. josepn 
house (not 4 piacemen: oureau) for putting 
ing employment or cnange of employment in 
of their services. and vice versa. The service is rendered without 
cnarge, and information on how to use it will be furnished by the Society 
The Society does not investigate or guarantee the representations made 
by parties listed This bulletin contains the active listing of ‘‘Positions 
Open’ and ‘‘Positions Wanted’’ on file at the Society's office. and infor- 
mation on each in the form of separate mimeographed sheets, may be 
had on reauest. ‘‘Agricultural Engineer’’ as used in these listings, is not 
intended to imply any specific level of proficiency, or registration, or 
license as a professional engineer. 


Micnigan, as a ciearing 
agricuitural engineers seek- 
toucn with possible employ- 


ers 


Note: In this bulletin the following listings still current and 
previously reported are not repeated in detail; for further informa- 
tion see the issue of AGRICULTURAL ENGINEERING indicated. 


PositlONS OpEN — MARCH—O-99-509. MAY—O-140-516, 
164-517, 182-518, 190-519. JUNE O-206-521, 208-522, 209-523, 
147-524. 


POSITIONS gg JANUARY—W-827-152, 884-154, 896- 


157. FEBRUARY—W-915-162, 21-5, 19-6, 26-7, 27-8. MARCH- 
W-29-9, 56-10, ine 85-16, 68-17. APRIL—W-64-19, 80-20, 
134-21. MAY—W-120-23, 109-25, 162-26, 163-27, 151-28, 169-29, 
192-30, 193-31, 196-32. JUNE—W-178-33, 204-34, 205-35, 200- 
36, 203-37, 210-38, 215-39, 220-40. 


New PostrIoNs OPEN 


AGRICULTURAL ENGINEER (assistant professor), to teach farm 
power, field machinery, structures, soil and water, and utilities. Each 
course offered every other year. Land grant university in Northeast. BS 
and MS deg in agricultural engineering, or equivalent. Farm background 
and teaching, extension, or commercial experience desirable. Usual 
personal qualifications for college teaching. Opportunity for advance- 
ment normal for academic employment. Salary, up to $5000, depending 
on qualifications. O-240-525 


EXTENSION AGRICULTURAL ENGINEER with a rapidly growing 
New England University. Prefer farm background, some teaching or 
extension experience, and MS deg. BS deg in agricultural engineering 
may be acceptable if other qualifications are good. Age 25-30. Good 
retirement system provided. Opportunity for advanced study. Rank and 
salary will depend upon qualifications. O-254-526 


AGRICULTURAL ENGINEER for technical promotion and contact 
work in farm safety with commercial organizations, farm groups, agri- 
cultural leaders, college personnel and others. Farm background and some 
writing ability desirable. Extensive travel, headquarters Chicago. Start- 


ing salary $4500 to $5000. Excelent opportunity for young man. O-255-527 


AGRICULTURAL ENGINEER for design, development and promotion 
work. Must be an ‘‘idea man’’ with knowledge of design as applied to 
irrigation structures and equipment. Prefer BS deg in agricultural engi- 
neering, or equivalent. Experience in design and manufacture of light 
metal products, or in irrigation engineering desirable. Excellent oppor- 
tunity. Suecess in design and development of new products will lead to 
opportunity to follow through on market development and sales plan- 


ning. Excellent employee benefits program. Salary open. O-270-528 
New Positions WANTED 
AGRICULTURAL ENGINEER available for design, development, 


research, sales or service in power and machinery or soil and water field 
with industry or public service. Northeast location preferred. BS deg in 
agricultural engineering, 1949, University of Nebraska. BS deg in gen- 
eral agriculture, 1947, Rutgers University. Farm background. Agricul- 
tural engineer with SCS 4 years. War enlisted service in Army Air Force 
3 years. Age 30. Married. No disability. Available on reasonable notice 
Salary open. W-231-41 


EXTENSION, research, 
ing. Prefer western 


development, or sales in agricultural engineer- 
states. BS deg in agriculture, major agricultural 
engineering, 1950, Montana State College. Farm and ranch background. 
Just completed 21-month tour of duty with Air Force in commissioned 
status working in maintenance and supply fields. Married. Age 24. No 
disability. Available now. Salary open. W-260-42 


AGRICULTURAL ENGINEER for engineering or sales engineering in 
irrigation field or public relations work in agriculture, with industry. Any 
location. BS deg in agricultural engineering, 1950, University of Minne- 
sota. Farm background. Irrigation sales engineering summer 1950. 
Enlisted service in Army Corps of Engineers, 2 yr, 1950-52, mostly as 
civil-mechanical engineering research assistant Engineer assisting in 
introduction of new products, alloys, and finishes with major producer of 
aluminum, October, 1952 to July, 1953. Single. Age 27. No disability 
Available now. Salary $420-450 per mo, depending on location. W-266-43 


NEW BULLETINS 


(Continued from page 492) 


Comparative Analysis of Hydrographs from Similar Storms on a 
Watershed Under Timbered and Clear-Cut Conditions, by James L. 
Smith and George A. Crabb, Jr. Article 35-61 (May, 1953) 
reprinted from the Quarterly Bulletin of the Michigan Agricultural 
Experiment Station (East Lansing) May, 1953. Progress report on 
runoff from a clear-cut area on which hydrologic data for 11. pre- 
vious years in a wooded condition are available for comparison. 
Indications of increased runoff are noted. 


AGRICULTURAL ENGINEERING for July 1953 
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DOWN 
TO 
EARTH 


ECONOMY — down on the farm 


Many farmers have increased crop yield 
. . » made arid areas productive .. . by 
using earth-moving machinery to dig their 
own drainage and irrigation systems. 
These machines rely on New Departure 
ball bearings for support of many of their 
most important parts ... for these bear- 
ings resist thrust and radial loads, alone 
or in combination, from any direction. 


New Departure ball bearings offer econ- 
omies to farm equipment users by reduc- 
ing maintenance ... to farm equipment 
manufacturers through design simplifica- 
tion. Always specify New Departures for 
assured performance, 


This Be-Ge Trencher employs 

37 New Departure ball bear- 

ings as original equipment. > 
Strategically placed, they 
range all the way from the “s * 
four which support the motor 4 oe 
output shaft to the eight used 

in the digging wheel idler 

rollers. 


NEW DEPARTU 


BALL BEARINGS 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, Too! 
Scenics cece iad dcnamiectcieteeenldapetenecadeammmentiadbemamdeecaemeensetaman, 


How Allis-Chalmers Designs a High Speed Rake and 
Tedder Gear Box for Once-a-Season Lubrication 


Transmission Sliding 
Gear Shaft 


Transmission Output Shaft 
or Drive Shaft 


LLIS-CHALMERS assures higher raking speeds 
and once-a-season gear box lubrication for its 
rake and tedder by using Timken” tapered roller bear- 
ings in the heavy duty gear box and at other vital points. 
Because Timken bearings take both radial and thrust 
loads, deflection and end-play are minimized. Shafts are 
held in rigid alignment, gears mesh accurately. 

By oe nousings and shafts concentric, Timken 
bearings make closures more effective—lubricant stays 
in, dirt stays out. And Timken bearings’ smooth surface 
finish and true rolling motion help moving parts rotate 
freely, make friction negligible. 

Timken bearings solve three of the biggest design 
problems facing implement engineers: dirt, combina- 
tion loads, and ease of operation. They alsoassure longer 


Bevel Gear & Sprocket Shaft 


Indirect Mounted 
Type TS Bearings 


Direct Mounted 
Type TS Bearings 


Direct Mounted 
Type TS Bearings 


implement life, less chance of breakdowns on the job, 
higher towing speeds. 

For information on Timken bearing applications in 
farm machinery, write today for your free copy of 
“Tapered Roller Bearing Practice in Current Farm 
Machinery Applications”. The Timken Roller Bearing 
Company, Canton 6, Ohio. Cable address:““TIMROSCO”. 


Thefarmer’s assurance Dveonaged 


of better design Fa a 
EQUIPPED 
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NOT JUST A BALL O NOT JUST A ROLLER ©) THE TIMKEN TAPERED ROLLER o-> BEARING TAKES RADIAL ()) AND THRUST +f)— LOADS OR ANY COMBINATION —j) - 
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